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PRE FACE 

On Janua ry 20 , 1 9 70 ,  the Nat i onal P e t ro l eum Counc i l , an offi ­
c i ally  e s tab l i shed indu s try adv i s o ry b o ard to  the Secre tary o f  the 
Int er i o r , was a s k e d  to undertake a compr ehens ive s tudy o f  the 
Nat i on ' s  ene rgy out look . Th i s  requ e s t  came from the As s i s tant 
Secret ary - Mineral Re s ources , Department of the Inter i or , who a s ked 
the C ounc i l  to pr o j ect  the ener gy out l ook in the We s t ern Hem i sphere 
into the futur e a s  near to the end o f  the c entury a s  feas ib l e , with 
part i cular r e ference  to  the evaluat ion of future tr ends and the ir 
imp l icat ions for the Un i t ed Stat e s . 

In  respon s e  t o  th i s  reque s t , the Nat ional Petro l eum Counc i l ' s  
C ommittee  on U . S .  Ene rgy Out l ook was e s t ab l i she d ,  with a coordinat ­
ing s ub c ommittee , four s upp o rt ing subcommi t t e e s  for o i l , gas , other 
ener gy forms and government po l i cy ,  and 14  task  group s . An organ i ­
z a t ion chart app e ar s  a s  App endix B .  In July 1 9 7 1 , the C ounc i l  
i s sued an int er im report ent i t l ed U. S. Energy Out Zook : A n  In i t i a Z 
Apprai s a Z  19?1 - 1 985 wh i ch , al ong with a s s o c iated task  gr oup r ep o rt s , 
provided the gr oundwork for sub s equent inv e s t igat ion of the U . S .  
energy s i tuat i on . 

C ont inu ing inv e s t i g a t i on by the C omm i t t e e  and c omponent sub ­
comm i t t e e s  and t a s k  groups r e sulted  in the pub l i cat i on in Decemb er 
1 9 7 2  o f  the  NPC ' s  summary repo rt , U . S .  En ergy Ou t Zook , as we l l  a s  
an exp and ed ful l  r eport  of t h e  Commi t t e e . Ind iv i dua l task group 
repor t s  have b e en prep ar ed to include me thodo l o gy , data , i l lus tra ­
t i ons and ·comput e r  program d e s c r ipt ions for the p art icular ar e a  
s tud ied b y  t h e  t a s k  group . Thi s  report i s  one o f  t en such det a i l ed 
s tud i e s . Other fue l  task  group reports are ava i l ab l e  as l i s t e d  on 
the order form inc luded at the back of thi s vo lume . 

The find ings and recommendat i ons o f  t h i s  report repres ent the 
b e s t  j udgment of the exp e r t s  from t he energy indus t r i e s . Howeve r , 
i t  should b e  no t ed that the p o l i t ical , e conom i c , soc ial and t ech ­
no l o g i c a l  fac to r s  bear ing upon the long - t e rm U . S .  energy out l o o k  
a r e  subj ect t o  sub s t ant ial  chang e w i t h  t h e  pa s s age o f  t ime . Thus 
futur e devel opmen t s  wi l l  undoub t edly provide add it ional ins ights 
and amend the c onclus ions t o  some degr e e . 
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I NTRODUCT I ON 

The fu l l  report  o f  the Nat ional Petro l eum Counci l's Comm i t t e e  
o n  U . S .  Energy Out l o ok* h a s  l ooked beyond the narrow confine s o f  
the s ing l e  cas e proj e c t ions shown i n  the Committee's I n i t i a l  Ap ­
prai s a l t  t o  other po s s ibl e c a s e s  that mi ght deve lop b e twe en 1 9 7 1 
and 1 9 8 5 ,  and speculated  on what mi ght happ en betwe en 1 9 8 5  and the 
end of the century . On the ene rgy demand s ide , the s tudy has at ­
temp t e d  to come to grips  wi th the di ffi cul t e l a s t i c i ty prob l ems 
even though defin i t ive answers in many cas es could no t be ach i eved . 
Thi s  s tudy wa s deve loped dur ing 1 9 7 1 - 1 9 7 2 , prior  to the Arab o i l  
embargo  and the sub s equent s harp increas e s  i n  energy p r i c e s . The 
effec t s  of such large p r i c e  increas e s  on energy cons ervat ion , fuel 
sub s t i tut ion and bus ine s s  act ivity rema in t o  be  det ermine d .  

Al t e rnat ive proj ect ions o f  demand bas e d  on di fferent s e t s  o f  
as sump t i ons wi th respect  t o  ec onomi c ,  p o l i t ical  and s o c i a l  c ondi ­
t i ons were deve lop ed . The main s t ep s  o f  the analys i s  were ( 1 )  s e ­
l e c t ion o f  the mo re  s i gni ficant factors  that were used in var i ant 
analys i s , ( 2 )  e s t imat i on o f'the l i kely range s  o f  the s e  fa ctors , 
( 3 )  meas urement o f  the s ens i t ivities o f  energy demand to the fac tors 
( e . g . , p r i c e , ec onomi c growth , et c . )  and (4 ) comb inat ion o f  the many 
a l t erna t ives  into s everal "s c enar i o s" o f  future energy demand . 
Whe r ever fea s i b l e , the e s t ima t e s  are expre s s ed in quant i t a t ive 
t e rms . 

The quant i t a t ive proj ect ions and conclus ions deal wi th results  
that app eared to b e  p r a c t i c a l  and achi evab l e  when the  analys i s  was 
made . Theo r e t i ca l ly , i f  consumers were forced by government edict  
to rad i c a l ly a l t er the i r  modes  and s t andards o f  l iving , l arge de -

· crea s e s  in energy consump t ion could be  achieved . However , i t  s e emed 
un l ikely  that the pub l i c woul d  supp ort  such a cour s e  of action  under 
non - emergency cond i t ions . The refo re , the impacts o f  supply d i s ­
rup t ions and manda tory regulat ions have b e en d i s cus s e d pr imar i ly in 
qual i t a t ive t e rms , with the impo r tant excep t i ons o f  environmental 
contro l s  and t ranspo rtat ion op t ions . 

Th i s  report  by the Ene rgy Demand Tas k  Group provides background 
det a i l s  on the reas oning , me thodo l o gy , data and degr e e s  o f  confi ­
dence  in the findings . I t  wi l l  b e  ob s e rved that many o f  the dec i ­
s i ons came down t o  que s t ions o f  j udgment regarding marke t trends and 
consumer res pons e . In  this  respect , the Tas k  Group wa s we l l  equipp ed 
to draw c onclus ions becau s e  the members  were p r ima r i ly energy ana­
lys t s  who have had l ong exp er i ence in marke t ing energy and in pro ­
j ec t ing s upp ly/ demand t r ends . 

* NP C ,  U.S. Ene rgy O u t l o o k: A Rep o r t  of the Na ti ona l Pe tro l e um 
Counci l's Commi t t e e  o n  U . S. Ene rgy Ou t l o o k� (Decemb er 1 9  7 2 ) - ­
hereafter  r e ferred to as the NPC Ful l  Repo r t . 

t NPC ,  U.S. Energy O u t l o o k: A n  Ini ti a l  Apprai s a l  19?1-1985� 
Vo l s . I and I I  ( 1 9 7 1 ) - -hereafter  r e ferred to as the Ini t i a l Appra i s ­
al o r  the intermediate  ca s e . 
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The maj o r  thrus t o f  the s tudy was directed  toward e s t imat ing 
the s ens i t ivi ty o f  energy demand to changes  in var ious ma rke t forc e s . 
I n  the ab s ence  o f  pub l i s hed data , the Task Group deve l oped theo re t ­
ical  and pragma t i c a l  procedures for determining the elas t i c i t i e s  o f  
total  energy demand to  s i gnificant fac t o rs in maj o r  consuming mar ­
ket s ec t o r s . I t  wa s a l s o  recogn i z ed that analys i s  o f  the cros s ­
e l as t i c i t i e s  o f  demand for comp e t ing fue l s  s uch as o i l , gas , coal  
and e l e c tr i c i ty woul d  b e  des irab l e . Howeve r ,  under ant i t rus t con­
s traints  the Tas k  Group coul d no t divide the  total  energy requ i r e ­
ment s  among comp e t i t ive individual fue l s  and hence did  not att emp t 
a s tudy o f  c r o s s - e l a s t i c i t i e s . Chap t e r  One describes  in mo re det a i l  
the analyt i c a l  proc edures f o r  each o f  the consuming s ectors , Chap ­
ter  Two d i scus s e s demand p ro j e c t i ons out to the year 2 0 0 0 , and 
App endi c e s  D - I inc lude background papers  prepared by individual 
members  in s uppo r t  of the Task Group ' s  cons ensus . The conc lus i ons 
in the background pap e r s  do no t ne ces s ar i ly r epre s ent the Task 
Group ' s  final cons ensus , but they provided gu idance in under - exp l o r e d  
a r e a s  and inte r e s t ing app l i c at ions o f  r e l a t ively new res earch t ech ­
ni que s . 

The Summary and Conc lus ions are extrac t e d  from the final report 
of the NP C ' s  Comm i t t e e  on U . S .  Energy Out l o o k  which was submi t t e d  
to t h e  S e c r e tary o f  t h e  I nt e r i o r  in Decemb e r  1 9 7 2 . The d i s cus s i on 
o f  energy demand in the F inal Report i s  b a s e d  on the detai l e d wo rk 
of the Ene rgy Demand Task Group contained in this vo lume . 
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SUMMARY AND CONCLUS IONS 

The In i t i al Appra i s a l  indicated that , under certain as sump t i ons , 
U . S .  energy consump t i on would grow at  an average rate o f  4 . 2  per ­
c ent p er year dur ing the 1 9 7 1 - 1 9 8 5  per iod and that the Un ited  S t a t e s  
probab ly would fac e increas ingly t i ghter energy supp l i e s . The final 
s tudy adop ted  the 4 . 2 - p ercent growth rate as a b a s e  cas e and analy z e d  
t h e  po tent i a l  var i a t i ons i n  future ene rgy demand under s e t s  o f  as ­
s ump t i ons d i fferent than tho s e  used  fo r the I n i t ial Appra i s a l . The 
fo l l owing variab l e s  were deemed to be the mo s t  s i gn i f i c ant l ong ­
range det erminants  of ener gy demand : ( 1 )  econom ic act ivity ( r e a l  
Gro s s  Nat i onal Product [GNP ] ) ,  ( 2 )  c o s t  o f  energy ( inc luding co s t ­
induced e f fi c i ency improvement s ) , ( 3 )  popul a t i on , and (4 ) envi ron ­
ment a l  contro l s . 

In  c omb i na t i on , the four s e l ected  parame t e r s  s e em t o  exp l a in 
mo s t  o f  the p a s t  change s  in energy demand , as indicated by spec i a l 
background s tudi e s . The s ens i t iv i t i e s  o f  energy demand to each o f  
the s e  parame ters  w e r e  e s t imat e d  f o r  each market  s e ctor , and the 
parame t e rs were var i e d  sys temat i c a l ly around the I n i t i a l  Appra i s a l  
e s t ima t e s . I n  t h i s  manner , a s e r i e s  o f  energy demand cas es were 
deve l op e d  for different s e t s  of as sump t ions. S ince the numb er o f  
po s s ib l e  vari a t i ons i s  extr eme ly l arge , two proje c t i ons were s e ­
l e c t e d  fo r each o f  the four var i ab l e s  s o  as to bracket mo s t  o f  the 
l i kely  ene rgy demand cas e s . They are cal l ed the "high"  and " l ow" 
energy demand cas e s , wh i l e  the I n i t i a l  Appra i s a l  projec t ion of energy 
consump t i on ,  which fa l l s  b e tween the s e  two cas e s , i s  t e rmed the 
" interme d i a t e "  demand cas e .  

S imul t aneous cons i derat i on o f  mo re than one parame t e r - - fo r  the 
Un i t ed S t a t e s  and fo r each marke t  s e c t o r - - mus t be done on a judg­
mental  bas�s b ecause the parame ters  are no t entirely  independent 
of each o t he r .  Fo r examp l e , it is b e l i eved that cond i t i ons l e ading 
to ve ry s t r ingent environmen tal  s t andards (which are charac t e r i s t i c  
o f  the the h i gh demand cas e )  woul d  probably b e  a s s o c i ated with l ow 
economic growth and high energy c o s t s , wh ich are character i s t i c o f  
the l ow case . Fur thermo r e , i t  i s  unl ikely that a l l  factors  wou l d  
reach the i r  11l ows " and the i r  "highs " s imul t aneously . Tab l e  1 pre ­
s ents  a l ik e ly s ummary fo r the U . S .  energy demand wh ich takes such 
r e l a t i onships  into account . 

A probab i l i ty ana lys i s  indi cated  tha t app roximately 8 5  p e rcent 
o f  the po s s ib l e  var i a t i ons wou l d  fa l l  wi thin the high- low ranges  
s hown in  Tab l e  1 .  A b r eakdown o f  the s e  range s  by  majo r consuming 
s ec t o r  app ears in Tab l e  2 .  Whi l e  the s e  proje c t ions were con s i dered 
t o  be  the  probab l e  ranges  of  demand bas e d  on the  e conomic var i ab l e s  
de emed t o  b e  the mo s t  s i gn i f i c ant l on g - range d e t e rminant s o f  energy 
demand , the many p o l i t i cal  p o s s ib i l i t i e s  were no t fac tored  into 
the equa t i ons . 

The e s t ima t e s  s hown in Tab l e s  1 and 2 are b a s e d  on the a s s ump ­
t i on tha t the Na t i on wi l l  continue to rely on privat e enterpr i s e  
and free  consumer cho i c e ; they do no t contemp l ate  reduc ed ene r gy 
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High 

TABLE 1 

PROJECTIONS OF U.S. TOTAL ENERGY DEMAND 

UNDER THREE DIFFERENT SETS OF ASSUMPTIONS 

Growth Rate 

(Average Annual %Gain) 

1970-1980 1980-1985 

4.5 4.3 

1970-1985 

4.4 

Intermediate (Initial Appraisal) 4.2 4.0 4.2 

Low 

Residential/Commercial 
Industrial 
Transportation 
"Electricity Conversion 
Non-Energy 

Total 

3.5 3.3 3.4 

TABLE 2 
VARIANT PROJECTI ONS OF U.S. ENER GY DEMAND* 

BY MAJOR CONSUMING SECTOR 

Demand Volume-Quadri l l ion BTU's 
1970 1980 

Actual Lowt Intermediate Hight Lowt 

15.8 21.1 22.4 23.4 23.9 
20.0 24.7 26.8 27.2 27.1 
16.3 23.0 23.9 24.4 26.7 
11.6 20.7 22.8 23.5 26.7 

4.1 6.2 6.7 6.8 8.1 

67.8 95.7 102.6 105.3 112.5 

Volume 

(Quadrillion BTU's) 

1980 1985 

105.3 130.0 

102.6 124.9 

95.7 112.5 

1985 
Intermediate Hight 

26.6 28.5 
30.9 31.9 
28.3 29.0 
30.2 31.4 

8.9 9.2 

124.9 130.0 

Growth Rates-Av.erage Annual Percent Change 
1960-1970 1970-1980 1980-1985 
Historical Lowt Intermediate Hight Lowt Intermediate Hight 

Residential/Commercial 4.0 3.0 3.6 4.0 2.5 3.5 
Industrial 3.4 2.1 2.9 3.1 1.9 2.9 
Transportation 4.2 3.5 3.9 4.1 3.0 3.4 
Electricity Conversion 7.2 5.9 6.9 7.3 5.2 5.8 
Non-Energy 3.4 4.3 5.1 5.3 5.5 5.9 

Tota l 4.3 3.5 4.2 4.5" 3.3 4.0 

• E lectricity is allocated to each consuming sector and is converted at 3,4 1 2  BTU's per KWH and included in the 
total energy demand for the appropriate sector; the energy used by utilities for generation is shown in the E lectricity 
Conversion category. The following figures show a reconciliation of electricity demands in these sectors with the 
total e lectric utility energy inputs, for the intermediate case only: 

Demand Vol umes-Quadrillion BTU's 1970 1980. 1985 

Residentia l/Commercial 2.8 5.7 7 .8 
Industrial 2.3 4.4 6.3 
Transportation 0 . 1  0 . 1  
Electricity Conversion 1 1 .6 22.8 30.2 

Total Utility Inputs 16.7 33.0 44.4 

t Based on the variables deemed to be the most significant long-range determinants of energy demand. 
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consump t i on b e caus e o f  supply l imi tat i ons or p o l i t ical  dec i s i ons . 
I n  such cas e s , g rowth rates  fo r energy and ec onomic activity woul d  
be  much l ower , and achi evement o f  important s o c i a l  g o a l s , such a s  
ful l  emp loyment , h i gher s tandards o f  l iving and imp rovement s  i n  
the env i ronment , wou l d  b e  s e r i ous ly impede d . 

A s ub s t ant i a l  p o r t i on o f  the reduc t i on in energy consump t ion 
s hown in the l ow cas e is e s t imat e d  to result from improved effi ­
c i ency o f  energy us e i n i t i a t e d  by consume rs  in respons e to  hi gher 
co s t s  and imp roved t echno l o gy . Addit i onal fo rced reduc t i ons in 
energy consump t i on would l ower economic growth and/ o r  reduce con­
s umer s a t i s fact ion . A few s imp l e  examp l e s  from the s everal con ­
s uming $ec tors , whi ch s erve to  i l lus trate the s e  d i s t inc t i ons , are 
s hown in Tab l e  3 .  

TABL E  3 

METHODS OF REDUC I NG ENERGY CONSUMPTION 

Result 

Lower home fuel consumption 

Lower automotive fuel consumption 

Lower factory use of fuel 

Lower electric fuel requirement 

More Efficient Use 

Better home insulation 

Increased engine fuel economy 

I nsta l lation of better machinery 

I mproved power plant heat rate: 
same l ight, same air cond itioning 

E CONOMI C AND SOC I AL TRENDS 

Arbitrary Reduction in Use 

Lower room temperature 

Reduced automobi le tri ps 

Reduced factory output 

Reduced electricity consumption: 
less l ight, l ess air conditioning 

Thi s  s ec t ion d i s cus s e s  s ome o f  the bas i c  e conomic and s oc ia l  
forc e s  that wi l l  affect ene rgy demand i n  the future . Al though 
many of the s e  background cond i t i ons can only be eva lua ted qua l i t a ­
t ive ly , they wi l l  he lp to  exp l a in the l ik e ly var i a t i ons o f  the s p e ­
c i fic  parame ters  and the i r  future r e l a t ionships to  energy demand . 

G eneral 

The Na t ion ' s  l i fe - s ty l e  is perhap s the mo s t  fundamental deter ­
minant o f  energy demand . Whi l e  this  fac tor  changes  s lowly , the 
effects  are cumulat ive , and the tran s fo rmat ion in l i fe - s ty l e s  that 
mi ght occur dur ing the p e r i o d  under s tudy woul d  mod i fy both the 
l ev e l  of GNP and i t s  r e l a t ionship to  energy consump t ion in the 
1 9 8 0 - 1 9 8 5  p e r i o d . 

Future l i fe - s ty l e s  in the Uni t e d  States  wi l l  influence and , to 
s ome degre e , b e  cond i t i oned by the fo l l owing fac tors : (1 ) urban 
deve lopment ( inc luding transportat i on sys t ems ) ; ( 2 )  the rap i di ty 
o f  t e chno l o g i c al and s o c i a l  c hang e ; (3 )  commun i c at ion sys t ems ; 
( 4 )  demo graphic  chang e s ;  �nd ( 5 )  the r e l a t ionships among env i ron ­
ment , popu l a t i on and indus t ry . Although the re  could be  an infin i t e  
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var i e ty o f  "mix e s " o f  the s e  fac t o rs , this  report focus e s  on h i gh 
and l ow var i a t i ons in energy demand from the bas e o r  int erme d i a t e  
l evel  e s t ab l i s he d  i n  t h e  I n i t i a l Appra i s a l . 

Extreme mod i ficat i ons o f  l i fe - s ty l e  are not  very l ikely by the 
year 1 9 85 ,  a l though the beg innings of change are alre ady evi dent . 
D e sp i t e  a g r e a t  deal  o f  d i s s ent from exis t ing s o c i a l , po l i t i c a l  
and economic i ns t i tut ions , sub s t ant i a l  changes i n  l iving hab i t s  
dur ing the p e r i o d  through 1 9 85 a r e  prec luded by l ong - e s t ab l i shed 
s o c i al p a t t erns and the comp l ex i t i e s  as s o c i ated wi th social  and 
economic chang e . 

Urb an Deve l opment 

Mor e  than two - thirds of the U . S . populat i on now l ives in ur ­
ban areas  and thi s  rat io  i s  growing . Neve rthe l e s s , the urb an de ­
ve l opment of the pas t  few decade s has app arent ly created a s o c i e ty 
and li fe - s ty l e  that i s  uns a t i s facto ry fo r large s e gment s o f  the 
popul at ion- - pa r t i cul arly tho s e  l iving in " c entral c i t i e s . "  Al ­
though prac t i c a l  programs fo r imp roving urb an l iving are s t i l l  in 
very rudimentary s tage s , s everal pos s ib l e  future trends are re ­
f l e c t e d  in the three demand c a s e s . 

· One po s s ib i l i ty i s  that the "urban sprawl " could drift along 
a s  it has in t he pas t , creat ing greater  traffic conges t ion and cen­
tral  c i ty decay . I f  pres ent trends cont inue , increas ingly s e r ious 
b o t t l enecks are l ikely t o  appear after  1 9 85 in the movement of goods , 
a s  we l l  a s  p e op l e , wi thin and b e twe en urban areas b ecaus e there wi l l  
b e  a precari ous dep endenc e on mo t o r  transportat ion . Thi s  deve l op ­
ment woul d  h e lp generate the h i gh energy demand case . 

At the o ther  extreme , s ome progre s s  could be  made by 1985 t o ­
ward the deve l opment o f  int erme d i a t e - si z e  c i t i e s,  s eparated by green 
b e l t s  but c l o s e ly conne cted  by high speed  mas s  trans i t  suitab l e  for 
moving fre i ght  a s  we l l  as pas s engers . Urb an p l ann ing that wou l d  
coo rdina t e  t h e  var i ous mo des  o f  transportation- - e . g . , h i ghways , 
wa t erway s , p ip e l ines  and underground mas s t rans i t - -would he a 
comp onent o f  this s c enar i o . Achi evement o f  s uch a sys t em p rob -
ably wou l d  b e  cons i s tent with the l ow energy cas e up to 1 9 85 and 
would b e  capab l e  o f  s upport ing mo re  economic growth and h i gher s tan ­
dards o f  l iving in the l onger t e rm .  

Tak ing a middle  ground , i t  might b e  exp e c t e d  that s evera l new 
programs for a more  r a t i ona l typ e o f  urban devel opment m i ght  g e t  
out o f  t h e  "p i lo t  p l ant " s ta g e  in a few years . The s e  pro grams 
probab l y  wou l d  include provi s i on for more effect ive transportat i on 
sys t ems for moving b o th p as s enge r s  and fre i ght . Programs for reviv­
a l  of rura l  c ommun i t i e s  a l s o  might b e  imp l ement ed . The l a t t e r  
deve l opment probab l y  woul d  t end t o  increas e t h e  per  cap i t a  c onsump ­
t i on o f  energy by d isp ers ing the populat ion outs ide the c i ty core . 
Even a f t e r  a viab l e  urb an pro gram i s  under way , many years wi l l  p a s s  
b e fore a s i gn i f i c ant c hange in l i fe - s ty l e - - and cons equent ly , ene rgy 
demand - - takes p l a c e . 
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Ac c e l erat ing Change in Te chno l o gy 

The rate  o f  c hang e  in t echno l o gy has b e en accel erat ing - - a  tr end 
for which the h i s t o r ical  evi dence is we l l  documented . As i de from 
s o c i a l  upheavals,  this  rap i d  t e chno l o g i c a l  change has had a var i e ty 
o f  effects  on energy r equi rements  that are no t eas i ly d i s t ingu i shed . 
F o r  a l ong p e r i o d  o f  t ime (unt i l  1 9 6 7 )  changes,  on balance, we re  in 
the dire c t i on of mo re  e f fi c i ent energy use, or at l e a s t, l e s s  energy 
u s e  p e r  uni t  o f  GNP . S everal o f  the many po s s ib l e  examp l e s  o f  h i gh ­
er  e f f i c i ency are : ( 1 )  the trend toward l ower heat rat e s  i n  the 
produc t i on of e l ec t r i c  power, ( 2 )  the s ub s t i tut ion of much more 
effic i ent d i e s e l  l ocomo t ives  fo r s t eam l o c omo t ives,  ( 3 )  the intro ­
duc tion  o f  h i gh comp re s s ion automob i l e  eng ines and ( 4 )  the rep l ac e ­
ment o f  coal  by o i l  and gas  for space he a t ing and indus t r i a l  pro ­
c e s s ing . Such improvement s  mo re  than o ffs e t  trends that incr eas e 
energy u s e  per  un i t  o f  GNP, s uch as incre a s e d  u s e  o f  a i r  cond i t ion­
ing  and a g rowing r e l i ance on  e l ectric  power accompan i e d  by  l o s s e s  
i n  conver s i on and transmi s si on . 

The apparent reve r s a l  o f  trend b egan about 1 9 6 7  when the us e 
o f  energy increas e d  more rap i dly than d i d  real  GNP . Whi l e  reas ons 
fo r t he rever s a l  have no t b e en comp l e t e l y  i dent i fi e d, lack of new 
techno l o g i c a l  deve l opment s  and increas e d  energy us e for environ­
mental  improvement ac t iv i t i e s  ( improvements inc luded in GNP ) have 
b e en c i t e d  as po s s ib l e  caus e s . 

I n  the future, the s e  fac tors  wi l l  cont inue to op erate in b o th 
d i r e c t i ons . The u l t ima t e  tr end o f  effi c i ency in energy us e may we l l  
b e  det ermined by the pace o f  t e chno l o g i c a l  advanc e .  I t  has b e en 
c ontended that mo s t  of the important s c i ent i fi c  theor i e s  have al -. 
re ady b e en formu l a t e d  and that new d i s cove r i e s  in s c i ence and tech ­
no l o gy wi l l  c ome more s l owly in the future . I f  thi s theory proves 
to  b e  correct, a h i gh energy case woul d  b e  mo r e  probab l e . S o c i a l  
o r  po l i t i ca l  barr i er s  aga ins t t he introduc t i on o f  new produc t i on 
t ec hn i ques woul d  a l s o  resul t in high ene rgy p e r  uni t  of GNP . 

There i s  amp l e  evi dence to  indi cate that t e chno l o gical  a d ­
vanc e s  ( in t h e  energy indu s t r i e s  as we l l  as e l s ewhe r e )  wi l l  c o n ­
t inue even i f  there should b e  l i t t l e  progre s s  i n  fundament a l  s c i ­
enc e s . Many new p roje c t s  are on the thresho l d  o f  comme r c i a l  app l i ­
ca t i on, requir ing mainly eng ineer ing improvements o r  breakthroughs 
b e fore they c an be imp l ement e d . In  the area  o f  nuc l ear power and 
other e l e c t r i c  power sys t ems, there are no tab l e  examp l e s  o f  p o ten ­
t i a l  energy s avings  but many o f  the s e  wi l l  not make s i gni f i c ant 
impacts  unt i l  the 1 9 8 0 ' s .  I n  the intermediate  cas e proje c t i ons 
to  1 9 85, the acc e l erat i on in t echno l o g i c a l  deve l opment and energy 
cons ervation wou l d  b e  about suffi c i ent to o ff s e t  the fac tors  wo rk ­
ing toward hi gher energy consump t ion p e r  un i t  o f  GNP, including 
energy u s e d  fo r env i ronmental  imp rovement and a greater propo r t i on ­
a t e  us e o f  e l e c tr i c  powe r . 

P opulat ion 

The trend toward a s l ower popul a t i on growth rate and smal l er 
family s i z e s  de fin i t e ly wi l l  have an impact on l i fe - s ty l e s, a l t hough 
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the r e s u l t s  may not b e  as p i c tured in s ome o f  the environmental  con­
c ep t s . S ome o f  thes e envi ronmental  theories  as soc iate  l ower popu ­
l a t ion growth with  low ec onomic growth , a concept wh ich may not 
nec e s s ar i ly p rove to  be  correc t . There  are many other fac tors  caus ­
ing economic g rowth- - e . g . , lab o r  produc t ivity , cap i t al forma t i on 
and techno l o g i c a l  progre s s - -wh i ch have greater impact on GNP growth 
rates  than do p opul at ion facto r s . In fact , population chang e has 
i t s  great e s t  impact through i t s  influence on the age d i s tribut ion 
o f  the labor force . The current l ow b i rthrates  wi l l  no t s i gn ifi ­
cantly affect the l abor force unt i l  after 1 9 8 5 . Up to 1 9 8 5 ,  the 
progno s i s  is fo r smal l e r , mo re  affluent fami l i e s  and greater  popu­
l a t ion mobil i ty . Thi s  demo graphic out look  indicates  a h i gh ec onom­
ic growth ,  h i gh energy consump t i on s o c i e ty . 

Envi ronment Ver s u s  Economic Growth 

The d e s i r e  on the part of s o c i e ty to contro l the adver s e  eco ­
l o g i c a l  e ffects  o f  expanding indus try and popu l a t i on has b e en s l ow 
to emerge , and i t  i s  g eneral ly acknowl edged that the re  i s  a l arge 
backl o g  of c o rr e c t i ons to  b e  made . Such correc t i ons , p lus conform ­
i ty to  high environmental s t andards in t h e  future , wi l l  require  much 
larger amount s  of energy than woul d  adherence to the s t atus quo . 
The epergy vo lumes reflected  in the intermediate cas e were j udged 
to be  suff i c i ent to me e t  the env i ronmen tal s t andards under cons i d ­
eration in m i d - 1 9 7 1 when t h e  c a s e  was deve lop e d . S ince that t ime , 
however , cons i derab ly more r i gorous l imi t s  on po l lution have been 
prop o s e d . The h i gh demand c a s e  inc ludes  the ene rgy requirements to 
me e t  tho s e  mo r e  s tr ingent s t and�rd s  whi ch s o c i e ty may adopt . 

Prop onents  o f  the z ero ec onomic growth concept d i s regard the 
fac t that the a t t ainment o f  other $oc i a l  goa l s , such a s  adequate 
hou s ing , j ob s  and e ducat i on ,  would b e  s ac r i ficed  if ec onomic 
growth wer e  dep r e s s e d . The suc ce s s ful func t i oning o f  the comp e t i ­
t ive enterp r i s e / fr e edom- o f - consumer - cho i c e  sys tem , in e ffect , de ­
p ends on pro f i t s  and economic growth . The s e  other imp o rtant na t i o n ­
a l  p o l i c i e s , therefore , appear t o  rul e  out t h e  po s s ib i l i ty that the 
Uni t e d  S t a t e s  wi l l  choose  to be r e g imented  into a z ero economic 
growth s o c i e ty and the l i fe - s ty l e  that would accompany i t . Ins tead , 
s ome mean s  mus t  b e  found to  make current sys t ems reasonab ly compat ­
ible with  the eco l o g i c a l  ob j e c t ive s . 

There are  no automatic  trade - o ffs  b e tween economic growth and 
ant i - p o l lution in a free s o c i e ty . We could g e t  "high p o l lution" 
with " l ow growth" becau s e  a poor economy wi th high unemp l oyment is 
no t l i kely to  provide the cap i t a l  exp endi ture s  that wou l d  be  nece s ­
s ary to  u s e  energy more e ffic i en t ly . Recyc l ing s o l id was t e s  and 
pur i fying a i r  and water are ope r a t i ons requir ing techno l o gy , cap i ta l , 
and energy inputs that are more ava i l ab l e  in a growth economy . 

The ana lys i s  in this  rep o r t  g ive s a very low probab i l i ty to the 
p r o j e c t i ons that conc lude there w i l l  b e  immutab l e  fin i t e  l im i t s  to  
growth dur ing the next  50  years . The  maj o r  eco l o g i c a l  abu s e s  prob­
ab l y  coul d be corrected  by 1 9 8 5  w i th the exp endi ture o f  2 to 3 per­
c ent o f  the GNP and 8 tQ 9 p e rcent o f  the energy consump t i on . The 
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l a t t e r  corre sponds roughly to  the ener gy vo lumes inc luded in the 
h i gh c a s e  for envi ronmental fac tors  s hown in Tab l e  11 (p . 2 7  ) .  How ­
ever , �he s e  mea s ur e s  do no t provide for correc t i on o f  envi ronmental 
d e t e r i o ra t ion in the broader s ens e which inc ludes s uch prob l ems as 
urban decay . 

DEMAND VARIAB I L I TY ANALYS I S  

The fo l l owing proc edure was used  for deve lop ing three c a s e s  
for t h e  U . S .  energy demand out l oo k  bas ed o n  di fferent economic and 
s o c ia l  cond i t i ons . The maj o r  fac tors  in the l ong - term energy demand 
out look  were i dent i fi e d  as e conomic growth , co s t  o f  energy ( inc lud ­
ing co s t - induc e d  e ffi c i ency improvement s ) , demographic chang e s  and 
the u s e  o f  energy for envi ronmental contro l .  The s e  variab l � s  ( o r  
parame ters ) were analy z e d  wi th resp ect  to  the i r  e f f e c t s  o n  energy 
d emand within the fo l lowing marke t s ectors : ( 1 )  res i dent i a l / com­
mer c i a l , ( 2 )  indus t r i a l , ( 3 )  transpo rtat ion , ( 4 )  e l ectric ity , and 
( 5 )  non - energy u s e s . 

Spec i f i c  va lue s o r  guidel ines were e s tab l ished for the p ara ­
me ters  in order to  det e rmine the high , int e rme d i ate and low energy 
demand cas e s . The environmental contro l fac t o r  could not b e  as ­
s i gned ve ry preci s e  quant i t a t ive range s  for e�ch s ec to r . However , 
s inc e this  fac t o r  i s  cons idered to  be  one o f  h i gh s i gn i ficance , i t  
i s  analy z e d  s eparately in a l a t er s e c t ion ent i t l e d  "Energy f o r  En ­
vironmental I mprovement . "  Al though the guide l ines  usua l ly are 
spec i fi c  as de s c r ib e d  in the fo l l owing paragraphs , the i r  impacts  on 
energy demand in various markets frequently had to be  eva luat e d  on 
the bas i s  of j ud gment and exp e r i enc e . 

The I n i t i a l  Appra i s a l , o r  the interme diate  c a s e , pro j ected  
t o t a l  energy demand a t  an  average g rowth rate  o f  a lmost 4 . 2  perc ent 
per  year b e twe en 1 9 7 0  and 1 9 8 5 , and the maj o r  background a s s ump ­
t ions that wer e  u s e d  for  that cas e  wer e  as fo l l ows : 

• Sus t aine d  e c onomic g rowth - - growth in real  GNP at a rate  
o f  4 . 2  p e rc en t  

• S l ower popu l a t i on g rowth - - 1 . 1  p e r c ent p e r  year average 
growth dur ing the 1 9 7 0 - 1 9 8 5  period ( C ensus Series  D ) * 

• I nc r e a s e d  energy us e for envi ronmenta l deve l opment - - incr eas ­
ing from about 2 percent in 1 9 7 0  up to  4 to  5 p ercent o f  
t o t a l  energy consump t ion i n  1 9 8 0 - 19 8 5  

• L i t t l e  change in " r e a l "  p r i c e s  for energy 

* Bureau o f  the Census , U . S .  D epartment o f  C ommerce , Bureau 
of Cens u s  Pop u l a ti on Ser i es � P - 2 5 , No . 4 4 8  (Augus t 1 9 7 0 ) - - here ­
after  referred t o  a s  C ensus S e r i e s  C ,  D ,  o r  E ,  a l l  pub l i shed s ame 
dat e . 
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• Devel opment o f  improved techno logy for fue l sub s t i tut ions 

• Growth in energy demand no t res tricted by cap i t a l  l im i t a ­
t i ons o r  o ther r e s t r i c t ions on t o t a l  energy supp l ies . 

Low and H i gh Cas e Guide l ines 

Demand s ens i t ivi t i e s  are very di fficult to proj ect  with con­
fidenc e . H i s t o r i c a l  anal o gy provi des  r e l a t ively l i t t l e  guidanc e in 
e s t ima t ing s ens i t iv i ty to  energy cos t ,  for ins tance , be caus e dur ing 
the p a s t two decades the overal l trend of real energy c o s t s  has been 
dec l ining , whi l e  energy c o s t s  are expected to r i s e  in the future . 
The r e fo r e , in proj ect ing the re spons e o f  energy demand to  changes  
in e conomic condi t i ons , i t  i s  ne c e s s ary to us e de ta i l e d  informa t i on 
on the var i ous marke t s  in addi t i on to r i gorous ana lys e s  o f  pas t 
da t a . 

· 

As a rul e , the imme d i ate impacts  on energy demand o f  changes  
in government p o l icy , p r i c e , t echnology and other fac tors  are  minor 
b ec aus e the ful l  e ffe c t s  of obs o l e s c enc e of equ ipment and mod i f i c a ­
t i on s  i n  consuming patt erns require  t ime - - usua l ly many years . For 
thi s reas on , i t  s e emed appropr i a t e  to  measure demand s ens i t iv i t i e s  
over r e l a t ive ly l ong p e r i o ds , s uch as 1 9 7 0 - 1 9 8 0  and 1 9 7 0 - 1 9 8 5 .  

Ec onomi c  Growth As s ump t ions 

In the s ens i t ivity ana lys i s , changes  in ene rgy demand were 
r e l a t ed to  var i a t ions in ec onomic growth rates for real  GNP , real  
p e r s onal income and indus t r i a l  produc t ion . I t  was conc luded that 
the futur e  growth rate  for real  GNP , averaged for the 1 5 -year p er i o d , 
wou l d  probably  fa l l  wi thin the range o f  3 . 2  to 4 . 4  percent per  year . 
The forme r rate  was used  fo r the l ow energy demand c a s e  and the l a t ­
ter  rate  f o r  the h i gh demand c as e .  Rea l  personal income and indus­
t r i a l  produc tion  were a s sumed to  vary proportiona t e ly to var i a t i ons 
in r e a l  GNP . 

C o s t o f  Energy ,  Inc lud ing C o s t - I nduced Eff i c i ency Improvement s 

A comp e t i t ive p r i c e  sys t em provides the mo s t  e f f i c i ent means 
of adj u s t ing demand to  s upp ly wi thout s e r i ously re tarding ec onomic 
act ivi ty . I n  connect i on with e s s ent i a l  energy us e s , howeve r ,  the 
effects  of the p r i c e  facto� are gradual and very di fficul t to meas ­
ure . Al t hough a h i gher c o s t  o f  energy p robab ly caus e s  s ome im­
med i a t e  r e duc t i ons in consump t i on , the mo re important and l ong - term 
effects  come about by inducing cus tomers to purcha s e  mo re e ff i c i ent 
equipment and by us ing energy mo re  e ffic i ently . The energy s aving 
can be accomp l i s he d  in many ways , inc lud ing the fo l l owing : improved 
insul a t i o n  for bu i ld ings , improved heat ing and co o l ing sys t ems , mo re  
e ff i c i ent indus t r i a l  p l ants  and e qu ipment and sma l l e r  and/ or more 
e f fi c i ent vehi c l e s  . .  Conve r s e ly , a l ower c o s t  of ene rgy may de lay 
the introduc tion  o f  fue l - s aving equ ipment and l e ad to  h i gher con­
sump t ion . 
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The cos t gui de l ines  were e s tab l i shed f i r s t  for the pr imary mar ­
kets  (de fined a s  o i l  and gas at the wel lhead , coal at the mines , 
e t c . ) and were s ub s e quently trans lated  into gu i de l ines for consumer 
marke t s . A g iven p r i c e  change in pr imary marke ts ( a s s uming no in ­
flat ion)  woul d  r e sult  in much sma l l e r  percentage change s  in the high ­
er  p r i c ed consumer marke t s , and the p ercentage changes  gene r a l ly wi l l  
be  smal l er the farther the consumer i s  from the pr imary market . 
Thus , a $ 1 - pe r - barrel o r  3 0 - percent incr e a s e  in the 1 9 7 2  p r i c e  o f  
crude o i l  at t h e  we l l he ad would a f f e c t  t h e  indus trial  market by only 
ha l f  that p e r c entag e , and .it would ra i s e  mo tor  fue l  c o s t  by an even 
sma l l er p ercenta g e . 

Tab l e  4 s ummar i z e s  the as sump t i ons on c o s t  rang e s  and tran s l a t e s  
the "pr imary" p r i c e  chang e s  into consumer p r i c e  range s  which are 
mo re  re l evant to  demand s ens i t ivity ana lys i s . The s ens i t ivi t i e s  
o f  energy demand were e s t imated for the a s s ume d percentage changes 
in energy cost i n  e ach maj o r  consuming s ecto r . The high energy 
demand ca s e  i s  generated by a 1 0-p ercent decl ine in the p r imary mar ­
ket p r ic e , the int ermediate demand c a s e  i s  a s s o c iated with "no 
chang e "  in p r i c e , and the l ow demand c a s e  is obtained with a 1 0 0-
percent increas e .  

TABLE 4 

ASSUM E D  PERCENTAGE CHANG ES I N  COST OF ENERGY-1970-1985 

Type of Market 

Pri mary Energy Cost 
Consumer Costs 

Residentiai/Commerical 
I ndustrial 
Transportation 
Electric Util ity 
Non-Energy 

Populat ion 

(Constant 1970 Dollars) 

E nergy Demand Case 
High I ntermediate 

- 1 0 %  No Change 

- 2.5% No Change 
- 5 % No Change 
- 2.5% No Change 
- 5 % No Change 
- 5 % No Change 

Low 

+ 1 00% 

+ 25% 
+ 50% 
+ 25% 
+ 50% 
+ 50% 

The term "popu l a t i on" i s  use d  as a proxy for a l l  the demo graphi c  
fac tors  s uch a s  a g e  d i s tr ibut�on and immi grat ion . The gu idel ines 
for the a s s ump t i ons used in the h i gh , intermediate  and low demand 
cas e s  were the Census S e r i e s  D ,  C and E ,  wh ich p roj e c t e d  popu l a t i on 
growth a t  ave rage  annua l ra t e s  o f  1 . 3  p ercen t  ( S e r i e s  C ) , 1 . 1  percent 
( S er i e s  D )  and 1 . 0  p e rc ent ( S er i e s  E )  for the 1 9 7 0 - 1 9 8 5  p e r i o d . 

Energy Requi r ements for Environment a l  I mp rovement 

The demand p r o j e c t i ons in the intermediate  c a s e  included l arge 
amounts  of energy that were exp e c t e d  to  b e  used for air and wat er 
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pur i f i c a t ion and for treatment o f  s o l i d was tes . As ment i oned earl i ­
er , the s um o f  the s e  r equi rements e qua l e d  about 2 p ercent o f  t o ta l  
energy demand in 1 9 7 0  and w e r e  proj ected  to be  about 4 to  5 percent 
of the to tal  demand in the 1 9 8 0 - 1 9 8 5  p e r i o d . 

A s ens i t ivity range has b e en e s t imated for th i s  factor wh i ch 
r e f l e c ts ( 1 )  the h i gh cas e with cons i derab ly more  r i g o rous eco l o g ­
i c a l  s tandards and early impo s i t ion o f  such s tandards and ( 2 )  the 
l ow cas e w i th l e s s  s t r i c t  s t andards ( r e l at ive to the int ermediate  
cas e )  and mo r e  t ime to  conform wi th the new regul ations . 

Environmental improvement a l s o  affects  the cos t o f  s upplying 
energy . Thi s  e ffect  i s  a part o f  the " co s t  o f  energy" parame t e r , 
but i t  i s  no t s egregated from o ther c o s t  fac tors . 

Conc lus i ons fo r To tal  Uni t e d  S t ates  

Tab l e  5 s hows the  results  o f  the s ens i t ivity analys e s  fo r each 
parame t e r  for a l l  consuming s ectors  c omb ine d . The next five s e ct ions 
wi l l  s ummar i z e  the conclus i ons as they app ly to each of the maj o r  
indivi dual ene rgy marke t s - - re s i dent i a l / commerc ial , indus trial , trans ­
portat ion , e l ec tr i c i ty c onvers ion and non - energy . 

TABL E  5 

SENSITIVITY ANALYSIS FOR TOTAL ENERGY DEMAND I N  1980 AND 1985-ALL MAR KET SECTORS 
(Quadrillion BTU's) 

1980 1985 
Parameter Low I ntermediate High . Low I ntermediate High 
Economic Growth Rate (Real GNP) 

Demand 94.8 1 02.6 1 04.3 1 1 1 .0 1 24.9 1 28 . 1  
%Change vs. I ntermediate (7.6) 1 .7 ( 1 1 . 1 ) 2 .6  

Cost of Energy I ncluding 
Cost-1 nduced Efficiencies 
Demand 98.5 1 02.6 1 02.6 1 1 6.4 1 24.9 1 25.4 
%Change vs. I ntermediate (4.0) (6.8) 0.4 

Population Expansion Rate 
Demand 1 0 1.4 1 02.6 103. 3 1 22.8 1 24.9 1 26.3 
%Change vs. I ntermediate ( 1 . 2 )  0.7 (1.7) 1 . 1  

Energy for Environmental 
I mprovement 
Demand 10 1 .4 1 02.6 1 05 . 3  122.8 1 24.9 1 30.6 
%Change vs. I ntermediate (1. 2 )  2.6 ( 1 .7 )  4.6 

RE S I DENT IAL/COMMERC IAL 

Taking into account l i kely var i a t ions in the e conomy , popul a ­
t i on trends , energy co s t  and environmental cons i derat i ons , i t  was 
e s t imat e d  that growth in ener gy demand in the res i dentia l / c omme rcial  
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s ec t o r  might range b e tween a cont inua t ion o f  the 4 . 0 - p ercent ave rage 
annual rate of the 196 0 ' s ,  wh ich woul d repres ent the h i gh demand 
cas e ,  and a growth rate  o f  only 2 . 5  p e rcent per  year fo r the low 
cas e .  C ompared with the I n i t i a l  Appra i s al , the h i gher growth rate 
woul d  increas e r e s i dent ial/ comme r c i a l  requirements 1 . 9  quadr i l l ion 
BTU ' s in 1 9 8 5  ( 7  p erc ent ) , whereas the s l owe r rate woul d  reduce 1 9 8 5  
requi rements 2 . 7  quadr i l l ion BTU ' s ( 1 0  p ercent ) . The greate s t  im­
pact of a s l ower growth in demand wou l d  come in the l atter  p art of 
the 1 9 7 0 - 1 9 8 5  p e r iod . The s e  overa l l  e s t ima te� app ear in Tab l e  2 ,  
whi l e  the deta i l ed analys e s  for each p arame t e r  are s hown in Tab l e  6 .  

TABL E  6 

SENSITIVITY ANALYSIS FOR TOTAL ENERGY DEMAND IN 1980 AND 1985 
RESI DENTIAL AND COMMERCIAL DEMAND (I NCLUDING ELECTRICITY*) 

(Quadrill ion BTU's) 

1980 1985 
Parameter Low I ntermediate High Low I ntermediate High 
Economic Growth Rate (Real GNP) 

Demand 2 1 .5 22.4 22.9 24.8 26.6 27.4 
%Change vs. I ntermediate 4.0 2.2 (6.8) 3.0 

Cost of Energy I ncluding 
Cost- 1 nduced Efficiencies 
Demand 21.6 22.4 22.4 24.8 26.6 26.6 
%Change vs. I ntermediate (3.6) (6.8) 

Population Expansion Rate 
Demand 22.2 22.4 22.8 26. 1 26.6 27.4 
%Change vs. I ntermediate (0.9) 1 .8 ( 1 .9) 3.0 

Energy for Environmental 
I mprovement 
Demand 22.4 22.4 22.5 26.6 26.6 26.9 
%Change vs. I ntermediate 0.4 1 .1 

• Electricity is converted at 100-percent efficiency (or 3,412 BTU's per KWH), and the energy used by utilities for generation 

is shown in the electricity conversion sector in Table 9. 

In  the I n i t i a l  App ra i s a l , i t  was concluded that many o f  the 
factors  that c au s e d  the res i dent i a l / c ommerc i a l  s ector to  grow at a 
rate  o f  4 p e rc ent per year over the p a s t decade wi l l  be  operat ing 
in the future . Large increases  are e xp e c t e d  in new househo l d , l abo r 
fo r c e  and fam i ly income , and a cont inuing s h i f t  o f  popu l at ion to the 
s uburb s o r  to  s a t e l l i t e  towns is ant i c ip at e d . Shopp ing c ent ers , 
s ervi c e  fac i l i t i e s  and recreat i onal act ivi t e s  are ant i c ipated to 
expand rap idly , a l l  o f  which w i l l  h e l p  to  s t imulate the growth in 
energy demand . 

S everal new cond i t ions w i l l  t end to  ret ard growth in the 
re s i dent i a l / comme r c i a l  energy marke t : ( 1 )  the populat ion mix is 
tren4ing toward l ar g e r  prop o r t i ons of young adul t s , ( 2 )  there are 
fewer chi l dr en per fam i ly and ( 3 )  real  c o s t s  of l and and cons truc ­
t ion have r i s en s ub s t ant i a l ly . The s e  fac tors  sugg e s t  that the r e cent 
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trend toward smal l er dwe l l ing uni t s  wi l l  cont inue thro ughout 
the 1 9 7 0's . I t  i s  expected  that new hous ing uni t s  wi l l  inc lude a 
much l arger  propo rt ion o f  apartment s ,  in s harp contra s t  to  cond i t i ons 
of the pas t  2 0  years when mo s t  new un i t s  were s ingl e - family dwe l ­
l ings . In  the int erme d i at e  cas e , the net impact o f  the s e  opp o s ing 
forc e s  re sul ts in a 3 . 6-p e rcent rate of increas e for res i dent i a l /  
comme rc i a l  ene rgy consump t i on over the 1 5-year projec t i on peri od . 

I n  making s ens i t iv i ty analys e s  o f  the impact o f  vari ous factors 
on energy growth in the r e s iden t i a l / comme rcial  s e ctor , the fo l l owing 
s p e c i f i c  parame t e r s  were inve s t i gat ed: ( 1 ) popul a t i on trends , ( 2 )  
ec onomic a c t ivity , ( 3 )  energy c o s t s  ( including co s t - induced e ffi ­
c i enc i e s  and ( 4 )  energy a s s oc iated  with environmental s t andards . 
Each o f  the s e  i s  d i s cus s ed in the fo l l owing paragraphs , w i th the ex­
c ep t ion of  the  env ironmental fac t o r  which i s  expected  to  have only 
a mino r  e ffect on res i dent i a l / commerc ia l-energy use . 

In  g enera l , changes  that would tend to rai s e  demand in this  
s e ctor are  expected  to have l e s s  o f  an impac t on energy consump t ion 
than change s  that woul d  reduce demand . The e s t imat ed pos s ib l e  re ­
duc t i o n  in demand in 1 9 8 5  i s  1 5  p erc ent compared wi th a po s s ib l e  
inc r e as e o f  7 p e r c ent . The upward var i ab i l i ty i s  smal l b ecaus e the 
interme d i a t e  cas e contains a r e l a t ively h i gh us e o f  energy in thi s 
s e c t o r , and there are d imin i s h ing re turns for the use  o f  energy by 
hous e holds . The negative influenc es would have a greater  impact 
exc ept  for the fact tha t a sub s tantial  proport ion of  r e s i dent i a l /  
comme rc i a l  ene rgy consump t i on fa l l s  into the "nece s s i ty" c l as s i f i ­
c a t i o n  i n  this  country . 

Var i at ions in popu l a t i on proj e c t i ons are caus ed pr imar i ly by 
d i f fe rent as sump t i ons regarding future b i rthra t e s . Chang e s  in the 
b i rthrate would have a r e l a t ively smal l impact on res i dent ial/ com ­
me r c i a l  energy demand i n  the next 1 5  years for s evera l reasons . A 
ma in e l ement in demand (numb e r s  o f  hous eho l ds ) i s  determined by the 
p as t ,  no t the future , .b i rthra t e . A fur ther reduc t i on in the b i rth­
rate  wou l d  p robably emphas i z e  the ant i c ipated tr end toward sma l l er 
hous ing un i t s , but i t  would a l s o  po int to mo re money ava i l ab l e  for 
non - e s s en t i a l  consump t i on such as air cond i t ion ing , e l e c t r i c  heat 
and o ther  e l ectr i c  app l iance s .  Convers e ly , l arger fami l i e s  might 
mean l ar g e r , s ing l e - family hous e s  (which are genera l l y l e s s  e f ­
f i c i ent energy u s e r s  i n  terms o f  consump t ion p e r  dwe l l ing un i t )  and 
mo r e  e l e c t r i c i ty. for hous eho l d  app l i anc e s  s uch as l aundry equ ipment , 
but l e s s  d i s cret ionary income for luxury i t ems requiring e l ec tr i c i ty 
to  operate  them . Compared wi th the I n i t i a l  Appra i s al , i t  i s  e s t i ­
ma t e d  that the l ower b ir thra t e  a s s ump t i on (Census S e r i e s  E )  would 
r educe r e s ident ial/ comme r c i al demand by 0 . 5  quadr i l l ion BTU's in 
1 9 8 5  ( 1 . 9  p ercent)  whe reas  the h i gher b i rthrate ( Census S e r i e s  C )  
wou l d  ra i s e  requi rement s  0 . 8  quadr i l l i on BTU ' s  ( 3 . 0  p e rcent)  in 1 9 8 5 .  

The intermediate  cas e a s s ume s a 4 . 2 percent average annual in­
c r e a s e  in r e al GNP over the next 15  years . S ens i t ivity analy s e s  
w e r e  made f o r  ( 1 )  a h i gher r a t e  o f  growth i n  GNP , i . e . , 4 . 4  p e rcent 
p e r  year , and ( 2 )  a s l owdown in GNP growth to 3 . 2  percent per year , 
the re sul t s  o f  whi c h  are s hown in Tab l e  6 .  
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His t o r i c a l ly , the growth rat e s  o f  res i dent ial/ comme r c i a l  energy 
cons ump t ion and GNP have b e en para l l e l . Howeve r ,  in the pa s t ,  real  
ene rgy c o s ts were de c l ining , and i t  i s  thought that this  fac t had 
s ome influenc e on the observed r e l a t ionship b e tween consump t ion 
and GNP . 

Sho r t - t e�m var i a t ions in the economy would no t have a s ub s t an­
t i a l  impact  on r e s i dent i a l / comme r c i a l  energy consump t ion b e c aus e in 
th i s  country much of the energy us e d  in thi s  s e ctor is c l a s s i f i e d 
as es s ent i a l  ( e . g . , heat ing , cooking , hot  water  and l i ghting) . The 
main fluctua t i ons wou l d  come in the u s e  of e l ec t r i c i ty ( e . g . , air ­
cond i t i oning)  and in the commercial  s e c tor . I n  contras t ,  l onger ­
t e rm s h i f t s  in the l eve l o f  dispo s ab l e  income are important deter ­
minants  o f  ene rgy consump t i on in this  s e c to r . A s l owdown in GNP 
growth wou l d  have a greater impact on consump t ion than a hi gher rat e  
o f  increa s e  i n  GNP becau s e  there are d imin i s hing r e turns on the ap ­
p l i c a t i on o f  energy for app l i anc e s  in this  s e ctor . 

In  summary , i t  was e s t imat ed that the higher growth rate  for 
GNP wou l d  rai s e  1 9 8 5  resident i a l / c omme r c i a l  energy requ irement s  by 
0 . 8 quadr i l l i on BTU's ( 3 . 0  percen t )  and tha t the s l ower GNP growth 
would reduc e r e quirements by 1 . 8  quadr i l l ion BTU's ( 6 . 8  p e r c ent ) . 

I n  the I ni t i a l  Appra i s a l , i t  was as s umed that real  ene rgy 
p r i c e s  would remain fa i r ly s tab l e  in the future in contras t to de ­
c l ining p r i c e s  in the p a s t . In  the var i ance analys i s , the p r i c e  
range guide l in e s  us e d  to  e s t imat e  s ens i t iv i t i e s  were b e tween ( 1 )  an 
increas e o f  2 5  p erc ent in consumer p r i c e s  in the l ow demand c a s e , 
s t emming from a 1 0 0 - p e rcent inc r e a s e  in pr imary energy c o s t s  and ( 2 )  
a 2 . 5  p ercent decreas e in real  ene rgy c o s t s  t o  the consumer in the 
h i gh demand c as e ,  c aus ed by a 1 0 - p ercent decrease in pr imary energy 
co s t s . I t  i s  b e l i eved that ther e i s  a much greater p robab i l i ty o f  
s i gni f i cant p r i c e  increas e s  rather than decreas e s  over the p e r i o d  
encomp as s e d b y  this  ana lys i s . Thi s  account s  f o r  the l arg� upward 
p r i c e  var i a t ion . I t  was concluded that the sma l l  decl ine in energy 
c o s t s  wou l d  have no measurab l e  impact  on demand in this  s e c to r  but 
that a 2 5 - p ercent increas e in energy c o s t  to the consumer by 1 9 8 5  
woul d  r educ e r e s i dent i a l / commerc i a l  consump t ion by 1 . 8  quadr i l l ion 
BTU's , or 6 . 8  p e r c en t . 

The conc lus ion that r e s i dent i a l / commercial  ene rgy demand i s  
r e l a t iv e ly ins ens i t ive to  p r i c e  changes  i s  supported b y  e conome tric  
ana lyses o f  h i s t o r i ca l  dat a  as de s cr ibed  in App endices  .E and F .  Both 
analys e s  ind i c a t e  a p r i c e  e l as t i c i ty o f  about - 0 . 4  whi ch i s  reason­
ab ly c lQs e t o  the  Task Group cons ensus described ab ove . Thi s  means 
that a 1 0 - p ercent increase  in energy c o s t  would result in a rela­
t ively sma l l  4 - p erc ent drop in ene rgy us e ,  o ther things being e qua l . 

Lowe r energy c o s t s  wou l d  p rovide s ome extra s t imulus for pur ­
chas i ng and using e l e ctrical  app l i ance s ,  a i r  condi t i on ing and e l ec­
tric  heat . However , rap i d  growth in the purchase  o f  the s e  i t ems i s  
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exp e c t e d  with  s tab l e  p r i c e s , s o  i t  i s  doubt ful that very gradual de ­
c l ines  in p r i c e s  would add much to demand . The impac t o f  hi gher 
co s t s  woul d ,  howeve r ,  b e  more noticeab l e ·. The great e s t savings in 
ener gy wou l d  result  from widespread use  o f  insulat ion and improved 
heat ing / c o o l ing sys t ems , which would  become mo re  economical ly at ­
trac t ive with r i s ing ene rgy c o s t s . Al s o , h i gher energy p r i c e s  woul d  
probab l y  l ead to  mo re e f f i c i ent t emp erature contro l s , thus t end ing 
to r e s train growth in ene rgy used  for air  cond i t ioning and heat ing . 
App endix D attemp t s  to put s ome quan t i tat ive range s on the s e  fac tors . 

I NDUSTRIAL 

H i s to r ical ly , the net effect o f  the fac tors  influenc ing indus ­
tr ial ene rgy us e has t ended to  favo r great er e f f i c i ency , caus ing the 
demand for energy to  grow more s l owly than indus trial output . Whi l e  
s t r ong e ff i c i ency fac tors  wi l l  cont inue t o  operate in the futur e , 
many have r eached the po int o f  dimini s hing r e turns , and gains in e f ­
fic i ency o f  energy us e a r e  exp ected  to b e  mo re  mode s t  i n  future 
year s . S ome of the mo r e  impor tant e l ements in the trend towards 
mor e  e f fic i ent energy u s e  we re  i dent i f i e d  and d i s cus s ed at l ength 
in the Ene rgy Demand Tas k  Group report for the I n i t ial Apprai sal . * 

The mo s t  importan t inf luence on the futur e consump t ion o f  indus ­
trial  energy i s  the rat e  o f  indu s t r ial produc tion  as measured by 
the F ederal Res erve Board I ndex of Indus tria l  Produc t ion ( FRB ) . 
The indus t r ial produc t ion  rat e  in turn i s  c l o s e l y  l inked to GNP 
growth . F o r  examp l e ,  the I n i t ial Apprai sal indi cat ed that a 1 . 0 -
perc ent c hang e in FRB o r  GNP trends wou l d  change the indus trial 
energy consump t i o n  trend by ab out 0 . 8  p ercent . The many factors  
that have influenc ed this  re lat ionship betwe en the  FRB and en e rgy in 
the pas t and tho s e  that mi ght change it in the future were care ­
ful ly analy z e d  and we ighed in order to  determine the po s s ib l e  var i ­
at i ons i n  indus tr ial energy demand . 

Tab l e  7 s hows the impac t  o f  the range o f  a l t ernat ive economic 
growth rat e s  (cons idered in thi s s tud0 upon indus trial energy con ­
s ump t ion . In  the gui del ine s , i t  was assumed that the low GNP growth 
rat e  wou l d  be 1 . 0  p erc entage po int b e l ow the 4 . 2 - p e rc ent rate o f  
t h e  intermediate cas e whi l e  the high GNP rat e  woul d b e  only 0 . 2  
p erc entage po ints above t he ipt e rmediate cas e . The ene rgy demand 
range r e f l e c t s  the same imbalanc e .  In  1 9 8 5 , fo r examp l e , the l ow 
cas e for economic growth would  reduce energy demand by 3 . 6  quad ­
r i l l ion BTU's o r  1 1 . 7  p e r c ent , whi l e  the high cas e  would  s how ene rgy 
consump t i on h igher by 0 . 6  quadr i l l ion BTU ' s ,  o r  1 . 9  perc ent . 

* NPC , U . S .  Ener gy O u t l o o k �  A n  Ini ti a l  Apprai s a l  by the Energy 
Demand Tas k  Group 19? 1 - 1985 (Apr i l  1 9 7 2 ) - - hereaft e r  re ferred to as 
the Energy Demand Tas k  G roup Report  ( 1 9 7 2 ) . 
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TABL E  7 

SENSITIVITY ANALYSIS FOR TOTAL ENERGY DEMAND I N  1980 AND 1985 
INDUSTR IAL ( INCLUDING ELECTR I CITY*) 

(Quadrill ion BTU's) 

1980 1985 
Parameter Low I ntermediate High Low I ntermediate High 
Economic Growth Rate (Real GNP) 

Demand 24.5 26.8 27. 1  27.3 30.9 3 1 .5 
% Change vs. Intermediate (8.6) 1 . 1  ( 1 1 .7 )  1 .9 

Cost of E nergy I ncluding 
Cost-1 nduced Efficiencies 
Demand 25.4 26.8 26.8 28.4 30.9 3 1 . 1  
%Change vs. Intermediate (5.2) (8. 1 ) 0.6 

Population Expansion Rate 
Demand 26.3 26.8 26.9 30.2 30.9 3 1 . 1  
%Change vs. I ntermed iate ( 1 .9) 0.4 (2.3) 0.6 

Energy for Environmental 
I mprovement 
Demand 26.3 26.8 27.8 30.0 30.9 32.9 
% Change vs. I ntermediate ( 1 .9) 3.7 (2.9) 6.5 

· • Electricity is converted at 1 00-percent efficiency (or 3,412 BTU's per KWH), and the energy used by utilities for generation 

is shown in the electricity conversion sector in Table 9. 

Another maj o r  determinant o f  indus t r i a l  energy consump t i on i s  
i t s  c o s t .  The � ffect s o f  r i s ing ener gy co s t s  o n  energy consump t ion 
are par t i cularly s trong in the indus t r i a l  market where  energy , cap ­
i t a l  goods and l abor comp e t e  over the l ong t erm as input s in the 
indu s t r i al produc t i on pro c e s s .  

I n  o rder to  det ermine the impact o f  the ene rgy co s t  fac tor  on 
future indus t r i a l  energy consump t ion , i t  i s  nec e s s ary to e s t imate 
no t only t he p r i c e  e l a s t i c i ty ,  but a l s o  fu ture chang e s  in p r i c e s  and 
other input s  s uch as indus t r i a l  l ab o r  and cap i ta l , s o  that the dj ­
r e c t i on and deg r e e  o f  s ub s t i tution c an be  determined . The s e  e s t i ­
ma t e s  are imp o r t ant s ince comp e t i t i on in the future wi l l  undoub t ­
edly be  c ent er e d  incr eas ing ly o n  c o s t  reduc t i on . Greater  p roduc ­
t iv i ty i s  e s s en t i a l  i f  the interna t i onal comp e t i t ive p o s i t i on o f  the 
Un i t e d  S t a t e s  i s  to  be imp rove d .  

I t  i s  l i k e ly that the real  co s t  o f  l abor  wi l l  r i s e  more rap i dly 
than the co s t  of c ap i tal . Tr ends toward a shorter wo rk we e k  and 
s ho r t e r  working careers  b ecaus e of longer s cho o l ing and ear l i er  re ­
t i r ement are fac t o r s  that wi l l  contribute toward a h i gher p r i c e  for 
l ab o r . Ris ing emp l oyment in gove rnment and s e rvice indus t r i e s  com­
b ined wi th c hang ing work a t t i tude s may make produc t iv i ty gains more 
difficul t ,  whi l e  mo r e  l iberal  pens ion p l ans and higher p ayrol l taxes 
wi l l  t end to increas e un i t  l ab o r  c o s t s . 

The dramat i c  c hange , howeve r , i s  expected  to  b e  in ene rgy c o s t s 
whi ch may t rend upward very rap i dly , increas ing indus t r i a l  energy 
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co s t s  d i sprop o r t i onately . The indus trial  commun i ty wi l l  no l onger 
be  a b ene f i c i ary of regulated underp r i c e d  natural gas and l ow - p r i c e d  
coal  and impo r t e d  fue l  o i l , as  a l l  of the s e  commodi t i e s  a r e  headed 
toward s harp ly increas e d  pric e s . Mo reove r ,  indus trial  u s e r s  of o i l  
and coal  wi l l  b e  required  t o  inve s t  i n  equ ipment t o  reduce atmo s ­
phe r i c  emi s s i ons , add ing further to real energy c o s t s . Inc r e a s e d  
r e l i ance on e l e c t r i c  power wi l l  provide n o  co s t  r e l i e f  s inc e r i s ing 
power p l ant cons truc t ion and ope rat ing c o s t s  ( includ ing fue l  c o s t s )  
wi l l  r e s u l t .  i n  h i gher e l e c t r i c i ty p r i c e s . I t  i s  ant ic ipated that 
the s e  h i gh�r p r i c e s  wi l l  be reflected  in indus t r i a l  power r a t e s . 

The comb ined e ffect  o f  h i gher l abor  and energy c o s t s  on indus ­
t r i a l  energy demand wou l d  b e  two fo l d .  F i rs t ,  greater inc ent ives 
and opp o r tun i t i e s  to  s ub s t i tute cap i t al for l abo r woul d  ind i r ec t ly 
t end to . r educ e energy requirements per  un i t  o f  output . Thi s  is  
becaus e new e quipment is  gene ra l ly mo re  effi c i ent in terms of both 
l ab o r  and mechani c a l  energy p er uni t  o f  product than the equ ipment 
or pro c e s s rep la c e d . S econd , r i s ing ener gy c o s t s would dir e c t ly 
d i s courage  energy u s e . There  are , o f  cours e ,  practical  l im i t s  to 
t h i s  typ e of s ub s t i tut i on , and as ment ioned earl i e r , many of the 
e f f i c i ency fac tors  whi ch have operated in the p�s t  may have reached 
the po int of diminis h ing re turns . However , an in- dep th l o ok at the 
indus t r i a l  s e c t o r  s hows that , g iven the incent ive of rap i dly r i s ing 
ene r gy c o s t s , numerous opportun i t i e s  to  cons erve energy s t i l l  ex i s t . 
I t  s e ems l ikely that the u s e  o f  energy in indus try i s  no t currently 
a t  equi l ib r ium l eve ls b ec aus e of l a g s  in equipment rep lacement . As 
energy cos t s  r i s e ,  therefore , subs tant ial  reduc t i ons in ·indus t r i a l  
energy demand p e r  uni t  o f  ouput could be  exp ec t ed . Ear l i e r  r e t i r e ­
ment o f  the ex i s t ing ineff i c i ent s tock o f  cap i tal  equipment and 
produc t i on fac i l i t i e s  wi l l  be encouraged by the h i gher ene rgy cos ts . 

I n  an a t t emp t to  quan t i fy the e ffects  o f  price  var i at i ons on 
indu s t r i a l  energy consump t ion , econome tric  mode l s  (de s cribed in 
App endix G )  were developed  to try to det ermine the s e  p r i c e  e l as t i c ­
i t i e s . The resul t s  o f  t e s t ing the s e  mo de l s  t ende d to sub s t antiate  
the  hyp o the s i s  that  inc r ea s e s  in the co s t s  of  l abor would result  in 
c ap i tal  sub s t i tution and decre ased  ene rgy us age . For  examp l e , dur ing 
a recent hi s to r i cal  p e r i od , s harp increas e s  in l abor co s t s  re l a t ive 
to  o ther c o s t s  cau s e d  a s h i f t  to  mo re  cap i tal - intens ive produc t i on 
which was mo r e  e f f i c i ent in terms o f  b o th ene rgy and l abor  u s e . 
C onvers e l y , i f  the co s t  o f  c ap i t al goods s hould r i s e , energy usage 
wou l d  b e  hi gher s ince there would be  l e s s  incent ive to intro duc e 
newer energy cons erving machinery . 

The e conome t r i c  analys i s  indicated a po int e l a s t i c i ty o f  demand 
for indus t r i a l  ene r gy w i th respect  to ener gy c o s t  o f  approxima t e ly 
- 0 . 4 .  Thi s  r e spons e in energy consump t ion to ene rgy p r i� es appears 
to  b e  a r e a s onab l e  r e fl e c t ion of the r e l a t ive ly ine l as t ic indus trial  
ener gy demand ov er t h e  t i m e  p er i o d  cons i dered . Other methods y i e l ded 
s omewhat hi gher p r i c e  e l as t i c i t i es , part i cularly in the long run . 
On the o ther  hand , the Task  Group cons ens us o f  demand var iab i l i ty 
( s hown in Tab l e  7 )  i s  bas ed on a s l ightly l owe r p r i c e e l a s t i c i ty for 
the spec i fi ed rang e . 
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P o s s ib l e  impacts  o f  changes  in popul at ion growth rates  on in­
dus t r i a l  energy requirements  were  cons ider ed . An al terat ion in the 
ra t e  of p opul a t i o n  growth wou l d  direc t ly affect the demand for con ­
sumer g o o ds whi ch �  i n  turn , would mo d i fy consump t i on ; The growth 
ra t e  o f  t he labor forc e , howeve r ,  is mo re  s i gnificant , and t h i s  i s  
affec t e d  p r imar i ly b y  t h e  b i r thrate only a f t e r  a 1 5 - year l a g . I t  
i s  e s t ima t e d  that a s h i f t  from Census S e r i e s  D ( as sumed in t he I n ­
i t i a l  App r a i s al )  to S e r i e s  E would dep r e s s' the annua l r a t e  o f  in ­
creas e in indus t r i a l  energy r equi rements by only a very sma l l  p e r ­
c ent age  in the 1 9 7 0 - 1 9 8 5  p e r i o d . The potential  increase  i n  c o n ­
sump t ion  a s  a r e s u l t  o f  fas t e r  populat ion growth i s  even sma l l er . 

TRANSPORTAT I ON 

I n  t he I n i t ial  App ra i s a l , the consump t ion o f  energy fo r trans ­
porta t i on was proj ected at a gr adua l ly de c l ining rate averag ing 3 . 7  
percent per  year for the 1 9 7 0 - 1 9 8 5  p e r i o d . Thi s decl ine , r e l a t ive 
to  the 4 . 2  percent per  year growth rate of the 1 9 6 0 ' s ,  wa s a t t r ib ­
ut e d  t o  l ower b i r thrat e s , sma l l e r  fami l i e s , a mo re  " s aturated" car 
market and l arger  prop o r t i ons of ec onomy c ars . The final report 
dea l s  with the po s s ib l e  dev i a t i dns from tha t o r i g inal proj e c t ion 
and the r e as ons for such var i at i ons . The findings summar i z e d  here 
were deve loped by ana lyz ing the components  of energy consump t i on 
in transportation marke t s  (cars , trucks , av iat ion , water  transpo r ­
tat ion , r a i l roads , e t c . )  and e s t imat ing the s ens i t ivi t i e s  o f  e ach 
comp onent to  the four �aj o r  p arame t e r s  that have b e en de s cr ib ed in 
ear l i e r  s e c t i ons . 

Look ing a t  the broad p i c ture , the 1 ong - t erm changes  in mo tor  
fue l  consump t ion (which i s  by far  the  l arge s t  component ) have c o r ­
r e l a t e d  very c l o s e ly with real  GNP ( and d i sp o s ab l e  p e r s onal income ) , 
even though there  have b e en marke d  changes  in demo graphic factors , 
driving hab i t s , typ e s  o f  vehi c l e s , fue l  qua l i ty ,  h i ghway cond i t ions 
and a l t e rnat ive fo rms o f  transportat ion . The o ther catego r i e s  o f  
transp o r t a t i on energy s how a var i e ty o f  r e l a t i onships to  ec onomic 
growth b ec au s e  of s h i f t s  in consumer and mi l i tary demands and t ech­
no l o g i c a l  chang e . Avi at ion demand fo r fue l  has inc r e a s e d  s harp ly ,  
whi l e  r a i l road and mar ine s h ipp ing requ i rements  have b e en r e lat ive ly 
s tab l e . The e s t imat e d  t o t a l  transpo rtation demand s ens i t iv i ty to 
real  GNP ( and d i s p o s ab l e  p e r s onal inc ome ) is indicated by the ratio  
o f  0 . 6 - p erc ent change in demand for e ach 1 . 0 - p ercent change in GNP . 

As s um ing o ther cond i t i ons unchange d ,  the l ow cas e for e conomic 
growth woul d reduc e the 1 9 8 5  e s t ima t e  for transpo rtat ion ene rgy 

· 

demand by 2 . 1  quadr i l l ion BTU's ( o r  7 . 4  percent)  b e l ow the inte r ­
med i a t e  c a s e  l eve l , and the high cas e woul d rai s e  demand by 0 . 7 
quadr i l l ion BTU's ( 2 . 5  percent ) . The demand s ens i t ivi t i e s  for e c ­
onomic. growth as we l l  as fo r t he o t h e r  p arame ters  a r e  summar i z ed in 
Tab l e  8 .  

According t o  the overa l l  guidel ine s , the pr imary energy c o s t s  
( i . e . , co s t s  at t he we l l he a d , mine mouth , e tc . )  i n  1 9 8 5  a r e  as s umed 
to r e ac h  1 0 0  p e r c ent a b o v e  the 1 9 7 0  l evel  for the l ow demand cas e 
and 1 0  p e rc ent b e low the 1 9 7 0  l evel for the h i gh cas e . Such pr imary 
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TABLE 8 

S E N S I T I V I TY A N A L YS I S  FOR TOTA L E N E R G Y  DEMA N D  I N  1980 A N D  1985 
TRANSPO R TAT I O N  ( I N C L U D I N G  E L ECTR I CI TY * )  

(Quad ri l l ion BTU's) 

1980 1985 
Parameter Low I ntermediate High Low I ntermediate H igh 

Economic G rowth R ate ( R eal G N P )  

Demand 22.7  23.9 24.3 26.2 28.3 29.0 

% Change vs. I ntermediate (5 .0 )  1 . 7 (7 .4)  2 .5  

Cost o f  Energy I ncluding 
Cost-1 nduced Efficiencies 

Demand 23.2 23.9 23.9 26.8 28.3 28 .3  

% Change vs. I ntermediate (2 .9)  (5 .3)  

Population Expansion R ate 

Demand 23.6 23.9 24.0 27.8 28.3 28.5 
% Change vs. Intermediate ( 1 .3 )  0 .4 ( 1 .8)  0 .7  

E nergy for Environmental 
I mp rovement 

Demand 23.7 23.9 24.7 27.9 28.3 29.8 

% Change vs. I ntermediate (0 .8)  3 .3  ( 1 .4) 5 . 3  

• Electricity i s  converted a t  1 OQ..percent efficiency ( o r  3,41 2  BTU's per KWH), and the energy used by utilities for generation 

is shown in the electricity conversion sector in Table 9. 

co s t  chang e s , o f  cours e ,  woul d  result  in sma l l er p ercentages 
in the pr i c e s  that consumers p ay fo r transp o r tation energy . 

Thus , the 1 9 8 5  co s t  var i a t i on at the consumer l evel wou l d  range 
from + 2 5 . 0 p erc ent for the l ow c a s e  to - 2 . 5  percent for the h i gh 
cas e ,  r e l a t ive t o  1 9 7 0 . Mo s t  o f  the fo l l owing d i s cus s i on wi l l  be  
concerned with the l ow cas e b ecaus e i t  wa s conc luded that a decrease  
in price as sma l l as 2 . 5  p ercent would  have a negl i g i b l e  effect on 
demand . 

The r e  are s everal reas ons why trans portat ion fuel demand i s  no t 
l i kely to  b e  very s ens i t ive to  fue l  p r i c e  changes in the s ho r t  run . 
They are : 

• The consumer regards mo s t  automo b i l e  mi l eage to b e  fa irly  
e s s en t i a l  ( a l though over  the  l ong t e rm he  may change his  
typ e  o f  car) . 

• The co s t  o f  gas o l ine and o i l  has been only about one - fourth 
of the t o t a l  co s t  o f  operat ing a p r ivate car . 

• I n  the cas e  o f  commer c i a l  transportat ion such a s  trucking , 
ra i l ro ads and a i r l ine s , the fue l requi remen t s  are e s s ential  
e l ement s of  the  bus ine s s . 
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F o r  the l ong run , i t  has b e en e s t imated that there wi l l  b e  
s ome t ranspo rtat i on energy demand e l a s t i c i ty as a r e s u l t  o f  t h e  fol ­
l owing c ondi t i ons : 

• Although fue l  c o s t  i s  no t the maj o r  i t em in the t o t a l  co s t  
o f  owning and op erat ing a c ar , i t  i s  an out - o f - pocket and 
h i ghly vi s ib l e  c o s t .  Therefore , i t  i s  l ikely to carry a 
d i sproportiona t e  wei ght in consumer dec i s i ons . 

• The h i gher c o s t o f  mo t o r  fue l  i s  one o f  a package o f  econom ­
i c  inducement s that would c au s e  consumers to  buy economy 
cars . Becaus e o f  the difficulty o f  s eparat ing the compo - .  
n en t s  o f  this  packag e , the s ens i t ivity o f  ene rgy demand to  
the us e of  economy cars has b e en inc luded in this  parameter . 

• I n  comme r c i a l  transp o r t a t ion , the c o s t  o f  fue l  i s  impo r ­
tant enough t o  p l ay a s i gn i f i cant r o l e  in the op erator s ' 
dec i s i ons r e l a t ive t o  typ e o f  new e quipment and t iming 
of i t s  purcha s e . I n  other wo rds , i t  was thought that a 
2 5 - p e rc ent r i s e  in t he real  p r i c e  o f  fue l  woul d  p rovide a 
s trong inducement to  j unk o l d , ineffi c i ent equipment and 
to emp has i z e  fue l e f f i c i ency in new equ ipment . 

The int erme diate  cas e a s sumed that the r e  would b e  a mix o f  9 0  
mi l l ion s tandard cars  and 5 0  mi l l i on economy c ars in 1 9 8 5 - - a  rat i o  o f  
6 5 : 3 5 ,  compared t o  8 6 : 1 4 in 1 9 7 0 . F o r  the l ow energy demand cas e , the 
Task Group . e s t ima ted a . 1 9 8 5  mix of ab out 7 0  m i l l ion s tandards to  7 0  
mi l l ion economy cars , o r  a 5 0 : 5 0 r at i o . I n  the h i gh demand c as e , 
the mix wou l d  d i ffer very l i t t l e  from that o f  the int ermediate  cas e . 

Such c hange in the mix o f  the car popul at ion i s  the l arge s t  
factor i n  the c o s t - s ens i t iv i ty c a l culat ion . In  addi tion , there woul d  
be  a sma l l  decreas e· in dr iving m i l eage  and s ome e ffic i ency improve ­
ment in comme r c i a l  vehi c l e  and a i rcraft e ffic ienc i e s  i f  fue l c o s t s 
wer e  cons iderably h i gher . G enera l ly sp eaking , transportation energy 
demand i s  no t h i ghly s ens i t ive to changes  in the c o s t s  of fue l . Re ­
ferr ing again to  Tab l e  8 ,  the c o lumn for low demand in 1 9 8 5  s hows 
a reduct i on o f  5 . 3  p ercent in energy consump t ion as a resul t of a 
2 5 - p ercent incr e a s e  in the real  co s t  o f  transp ortation energy and 
the increa s e s  in numbers  o f  e conomy cars . 

Po tent i a l  d i fferenc e s  i n  the rate  o f  populat ion growth b e tween 
1 9 7 0  and 1 9 8 5  would no t be l ikely to  affect the consump t ion of trans ­
por tat ion  energy s i gni f i c an t ly , b ec aus e h i gher b i r thra t e s  wou l d  not 
change the " dr iving age" group s  dur ing thi s  p e r i o d . As s hown in 
Tab l e  8 ,  a s h i ft in the a s s ump t i ons to  the fas t er population growth 
o f  Census S e r i e s  C wou l d  increas e the 1 9 8 5  ene rgy consump t ion to  
thi s  s ec t o r  by l e s s  than 1 . 0  percent . L i kewi s e , a s hi ft down to 
C ensus S e r i e s  E would decre a s e  1 9 8 5  energy consump t i on by only 1 . 8  
p e r c ent . 
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ELE CTRI C I TY CONVERS I ON 

E l e c tr i c i ty convers i on refers  to the energy l o s s  tha t oc curs 
in the ut i l i ty p l ant when fue l s  are conve rted into e l e ctric  power . * 
I n  the int erme d i a t e  c as e ,  i t  wa s e s t imated that the heat l o s s  in 
convert ing fue l s  into e l e c t r i c i ty would grow at a rate o f  6 . 7  per ­
cent p e r  year , o r  0 . 5  percent mo re  s l owly than e l e c t r i c i ty consump ­
t i on . The d i fference would be  the resul t o f  imp rovement in the e f ­
f i c i ency o f  pro c e s s e s f o r  conve rt ing pr imary fue l s  into e l ectric i ty . 
The var i ance in th i s  s ec t o r , ther e fore , would b e  caus ed by the 
s en s i t iv i t i e s  of e l ectr i c i ty demand and the heat rate to var i a t i ons 
in the four maj o r  p arame t e r s . 

Of the four parame ters  cons i dered , the growth rate o f  real  
GNP is  l ikely to  have the  greate s t  influenc e on the  range o f  e l e c ­
t r i c i ty consump t ion and o n  the e l ectric  ut i l i ty demand for fue l s .  
As indi cated , e l ec t r i c i ty c onve rs ion l o s s e s woul d  have to vary al ­
mo s t  propo rt ionately with the generat ing p l ant output because  l o s s e s  
a r e  e qu ival ent to  about two - thi rds o f  the p l ant ' s  energy input . Th i s  
i s  a reas on for exp e c t ing ec onomic growth to b e  t h e  main influenc e 
on the e l e c t r i c i ty convers i on s ec tor . 

A r edu c ti on in the average annual growth o f  real  GNP to  3 . 2  
p e r c ent from the 4 . 2 - p ercent rate o f  the intermediate  c a s e  i s  e s t i ­
ma t e d  to  r e duce the 1 9 8 5  ut i l i ty requi remen ts for convers ion by 
5 . 3 quadr i l l ion BTU's ( 1 7 . 6  p ercent)  b e l ow the 3 0 . 2  quadr i l l ion BTU ' s  
o f  the int e rme d i a t e  c a s e  ( s e e  Tab l e  9 ) . The predominant impact o f  
a l ower rate  o f  inc r e a s e  in real  GNP would be  on t h e  indus t r i a l  and 
comme rc i a l  consump t i on o f  e l ec t r i c i ty in the 1 9 7 0 - 1 9 8 0  p e r iod , a l ­
though , s i gni fi c ant e ff e c t s  on r e s i dent i al consump t i on could a l s o  
be  expected  by 1 9 8 5 .  Part o f  the reduc t i on in ut i l i ty energy r e ­
qui r ement s up to  1 9 8 0  (because  o f  s l owdown i n  demand for e l ectric i ty)  
wou l d  be  attr ibutab l e  to  l e s s  ut i l i z a t i on o f  o l der , therma l ly in­
e f f i c i ent g ene rat ing p l ants . Thi s  ob s e rva t i on s t ems from the  fac t 
that p l ant exp ans ion  p l ans for e l e c t r i c  ut i l i t i e s  are now fa i r ly 
f i rm up to  and inc luding 1 9 8 0 , and any reduc tion in overa l l  e l ectric  
energy requirements wou l d  permit  the s upply o f  a h i gher p e rcentage 
of to t a l  k i l owat t  hours ( KWH) required .from the mo re  effic i ent fac ­
i� i t i e s . By 1 9 8 0 ,  ut i l i t i e s  presumab ly wou l d  have adj usted the ir  
construc t i on p r o grams to  the new l ower growth rat e s , and the reafter 
the reduc t i on in p r imary energy requi rements wou l d  reflect  e s s en ­
t i a l ly the l ower demand f o r  e l e c t r i c ity b y  ult imate  consumers . 

* Though commonly thought o f  as energy s upp l i er s , e l e ctr i c  
ut i l i t i es a r e  ac tual ly a l s o  energy u s er s , consuming coal , gas , o i l , 
nuc l e ar f i s s ion produc t s , etc . Thus , ut i l i t i e s  conver t  one fo rm o f  
energy t o  ano ther . I n  technical par l anc e , e l ec t r i c  ut i l i t i e s  are 
u s e r s  of primary ene� gy s ources  and supp l i ers  of s eco ndary energy . 
F o r  al l s t ates  o f  the i r  operation - - p roduc t ion , transmi s s ion and 
d i s tr ibut ion - - approximat e ly two - th i rds o f  the BTU input goes  into 
was t e  heat . 
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TABLE 9 

S E N S I T I VITY ANALYSIS FOR TOTA L E N E R G Y  DEMA N D  I N  1980 A N D  1985 
E LE CT R I CITY CONV E RS I O N  

( Quadril l ion BTU's) 

1980 1985 
Parameter Low I ntermediate H igh Low I ntermediate H igh 

Economic G rowth R ate ( R eal G N P )  

Demand 20.0 22.8 23.2 24.9 30.2 3 1 . 1  

% Change vs. I ntermediate ( 1 2 .3 )  1 .8 ( 1 7 . 6) 3.0 

Cost of E nergy I ncluding 
Cost-1 nduced Efficiencies 

Derrtand 2 1 .8 22.8 22.8 27 .9 30.2 30.5 

% Change vs. I ntermediate (4 .4)  ( 7 . 6) 1 .0 

Population Expansion R ate 

Demand 22.7 22.8 22.9 30. 1  30. 2  30. 3 

% Change vs. I ntermed iate (0 .4)  0 .4 ( 0 . 3) 0 . 3  

E nergy for Environmental 
I mprovement 

Demand 22.3  22 .8  23.6 29.4 30.2 32 . 1  

% Change vs. I ntermediate (2 .2 )  3 .5  ( 2 . 7 )  6 . 3  

An inc r e a s e  in the annua l  growth o f  real GNP from 4 . 2  p e r c ent 
to  4 . 4  p e rcent is e s t ima ted to rai s e  the pr imary energy requirement 
for  e l e c t r i c i ty c onvers i on by 1 . 8  p ercent over the 1 9 8 0  int ermediate  
ca s e  and by 3 . 0  p ercent over  the  corre sponding 1 9 8 5  e s t imat e . Al s o , 
a s  in the c a s e  o f  a reduc e d  GNP growth , heat rate e ffec t s  wou l d  ac ­
count fo r s ome o f  the change in requirements up to  1 9 8 0 . Thi s  woul d  
r e s u l t  from the s ho r t - term need to  u s e  l e s s  e ffic i ent p l ants  t o  me e t  
a l arge  part  o f  the increa s e  in e l ectric i ty demand s inc e cons truc t i on 
l e ad t ime s p r e c l ude a maj o r  c hange in expans ion pro grams fo r the 
bas e - l o ad p l ants . After 1 9 8 0 , however , heat rates  could b e  expected  
t o  resume the i r  "norma l "  l eve l s , and the  add i t i onal ut i l i ty energy 
r e quirement woul d  resul t mainly from greater e l e c tr i c i ty s a l e s . In  
fac t , mo r e  rap i d  gains in e f f i c i ency should b e  attainab l e  as the 
add i t i on o f  a l arge  numb er o f  new e f f i c i ent g enerat ing p l ants  would 
incr e a s e  the ave rage  e ffi c i ency - l eve l o f  the power gene rat ion i n ­
dus try . 

An inc r ea s e o f  5 0  percent in the c o s t  o f  fue l  to e l e c t r i c  u t i l ­
i t i e s  by 1 9 8 5  could r e sul t in as much as 2 . 3  quadr i l l ion BTU ' s  ( 7 . 6  
p e r c ent ) b e l ow t he interme d i a t e  c a s e  pro j e c t i on . The s e  reduc t i ons 
wou l d  r e s u l t  from further imp rovements in the e ffi c i ency of power 
consump t i on in r e spons e to  h i gher p r i c e s . 

The po tent i a l  for incr e a s ing e f f i c i ency wou l d  be  extreme ly 
l im i t e d  up to 1 9 8 0  b e caus e of the cons traints imp o s e d  on ut i l i t i e s  

. by the charac t er i s t i c s  o f  the i r  exis t ing p l ants (both tho s e  in 
s e rvi c e  and tho s e  under cons truc t i on) . S ome very marginal imp rove ­
ment s  mi ght b e  achieve d ,  howeve r ,  through addi t i onal transmi s s ion 
interconne c t i ons b e tween sys t ems in o rder to make the ful l e s t  u s e  
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o f  new l ow heat rate  equipment , i f  the fue l  s avings invo lved could 
j us t i fy such s t ep s . By  1 9 8 5 , however , a c ons i derab l e  improvement 
in e f f i c i ency may be achieved . Presumab ly , greater emphas i s  wi l l  
b e  p l aced on mo r e  e f fi c i ent , comb ined - cyc l e  gene rat ing p l ants and 
sup e r c r i t ical  ( t emp eratur e )  s te am p l ants that have h i gher cap i tal  
c o s t s  but  are mo r e  e ffic i ent in the  u s e  of  fue l . 

Through 1 9 8 5 ,  the consump t i on o f  ener gy fo r e l e c t r i c i ty con­
vers ion i s  l e s s  s ens i t ive to vari ations in the  popu l a t i on growth 
parameter  than to any o f  the o ther thr e e  parame ters  b e ing cons i dere d . 
A popul at ion g rowth e qu ival ent to  the h i gher Census S e r i e s  C pro ­
j e c t ions could r� i s e  requi rements  by only 0 . 3 p erc ent above the 
intermediate  c a s e  l ev e l  in 1 9 8 5 . This smal l increas e presumab ly 
woul d  b e  the r e s u l t  of marg inal increas e s  in e l e ctr i c i ty consump t ion 
in a l l  consuming s e c tors . A reduc t i on in the populat ion growth rate 
to the C ensus S e r i e s  E proj ect ion wou l d  have s im i l ar minor effects  
on the p ro j e c t i on s  o f  energy for  e l e c tr i c i ty conve rs i on in 1 9 8 5 . In 
fac t , s i gn i f i c ant effects  could b e  expected  only in the p o s t - 1 9 9 0  
p e r i od . 

NON- ENERGY AND M I S CE LLANEOUS 

Inclus ion o f  a non - energy categ ory in a pro j ection o f  ene rgy 
consump t ion r equi r e s  a wo rd o f  exp l ana t i on . The pr imary output o f  
c o a l , o i l  and g a s  i s  measured at the we l l head or mine whe re the s e  
mine r a l s  wind up i n  chemica l s , lub r i c ant s , aspha l t s  and s imilar  pro -
duc t s . The s e  ar e  not properly cal l ed energy u s e s , but they mus t be  
inc luded i f  the consuming s ec tors  are to  add up to  the  pr imary energy 
supp ly . 

Tab le 1 0  compare s the in terme diate  case  proj e ct i on leve l with 
the leve l s  that would r e s u l t  from changing the b as i c  e conomi c de ter ­
minants - - GNP , fue l cos t s  ( and cos t - induce d e ff i c i encies ) ,  p opul a ­
t i on and p o l lut i on contro l s . I t  i s  c l e ar from Tab l e  1 0  that th e 
l arge s t  s ens i t ivi t i e s r e s ul t  from ch anges  in real  GNP and energy 
co s t s . Th i s  i s  b as e d  p art ly on the j udgment that i t  i s  real i s t i c 
to as s ume that GNP and p r i c e  cou l d  devi ate  s ub s tan t i a l ly from inte r ­
me diate cas e l e ve l s  and p ar t ly on the re l at ive ly h i gher e l a s t i c i ty 
o f  the non - energy cate g o ry wi th r e s p e c t  to GNP . 

Th e as s ume d ch anges  in popul a t i on growth are e s t imat e d  to  have 
on ly minor imp a c t s , and no effect at a l l i s  shown for the di ffe rent 
as s ump t i ons on p o l lut i on contro l s . 

In  order to  unde r s t and the s ens i t iv i t i e s  o f  the s e ctor  t o t a l s  
to  the s e  e conomi c de t e rmin ants , i t  i s  n e c e s s ary to ana ly z e  the r e ­
s u l ts i n  t e rms o f  { 1 )  the s e c t o r ' s  comp o s i t ion b y  fue l  and b y  use 
and ( 2 )  the e l as t i c i t i e s  of the indivi dual fue l - us e  e l ements . The 
s e c tor  t o t a l s  are l arg e ly comp o s e d  o f  three  fue l s - - o i l , gas and 
coal - - wh i l e  the l arge s t  and mo s t  dynami c  us e s  are l iqui d and gas 
fe e ds tocks for the chemi cal indus try and maj or o i l  comp onents s uch 
as l ub r i cants an d asph a l t s . 

2 4  



TABL E 1 0  

S E N S I T I V I TY ANALYSIS F O R  TOTAL E N E R GY DEMAND I N  1980 ANp 1985 
NON-E N ER G Y  A N D  M I SCE L LA N EOUS 

( Quad ril l ion BTU's) 

1980 1985 
Parameter Low I ntermediate H igh Low I ntermediate H igh 

Economic Growth Rate ( Real G N P) 

Demand 6.1  6.7 6.8 7 .8 8 .9  9.1  
%Change vs. Intermediate (9.0) 1 .5 ( 1 2.4) 2.2 

Cost of E nergy I ncluding 
Cost-I nduced Efficiencies 

Demand 6.5 6.7 6.7 8.5 8 .9  8 .9  

% Change vs. Intermediate (3 .0)  (4 .5)  

Population Expansion R ate 

Demand 6.6 6.7 6.7+ 8.6  8.9 9.0 

% Change vs. Intermediate ( 1 .5 )  0 .5 (3 .4)  1 . 1 

Energy for E nvironmental 
I mprovement 

Demand 6.7 6.7 6.7 8.9 8.9 8.9 

% Change vs. Intermediate 

H i s t o r i c a l ly , the demand for p etrochemi cal  feeds t ocks has b e en 
no t i ceab ly respons ive to change s in GNP , wh i ch i s  a direct  r e f le c ­
t ion o f  the fact that fee ds tock demand i s  de r ived from the demand 
for chemi cal end- p r o ducts that are us e d  throughout the e conomy . 
The respons ivenes s w i th r e s p e c t  to  p r i ce l arge ly indi cates  the 
p r i ce comp e t i t ion b e tween p e t r o chemi cal end- p r o duc t s  and s ub s t i tute 
mate r i a l s  s uch as wo od , g l a s s  and me ta l s . The in tens i ty of th e 
respon s e  i s  h e i gh tened by the fact that fe e ds tock c o s t s  rep r e s ent 
a r i s ing share of t o t a l  chem i c a l  co s t s . A p roj e c t i on of r i s ing 
feeds tock p r i ce s  i s  b as e d  on the fo l l owing cons i de r a t i ons : 

• The current s hortage o £  natura l  gas i s  l ik e ly to  wo r s en , 
and the p ro sp e ct ive in crease  in i t s p r i ce i s  l i k e ly to  
drive up the p r ice  o f  l i ght feeds t ocks ( e thane , p rop ane and 
b utane ) . 

• The demand for  e thy lene/p ropy l ene i s  l ike ly to  remain 
s trong though i t s  growth rate p rob ab ly wi l l  be l e s s  rap i d  
than i n  the 1 9 5 0 ' s  and 1 9 6 0 ' s .  

• The re  are l ike ly to  b e  s ub s tan t i a l  co s t  increas e s  fo r 
h eavy fe eds tocks - - e . g . , naphthas and gas o i l s . 

The gas comp onent o f  the chemi cals  s e ctor  cons i s t s  o f  gas  
fe e ds t ocks for the p r o duct i on o f  ammoni a  and a numb e r  o f  other 
chemi cals , the mo s t  imp o r t ant o f  whi ch are  ure a , me thano l and 
a c e ty l ene . Ammon i a , whi ch ac counts for 6 0  p e rcen t o f  methane ­
de r ive d chemi c a l s , i s  us e d  ve ry l arge ly in the production o f  
fert i l i z e rs . 
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The o th e r  imp o rtant component in the non - energy proj ect ion i s  
t h e  demand for p e tr o l eum - b as e d  raw mate r i a l s , almo s t  9 0  p e r cent o f  
wh i ch i s  accoun t e d  f o r  b y  l ub r i cat ing o i l  and asphal t / road o i l . 
Ana lys i s  o f  p as t  exp e r i ence in dicates  that demand for lub e s  i s  
h i gh ly dep enden t o n  indus t r i a l  output , aut omo t ive veh i c l e us e and 
exp o r t s , wh i l e  demand fo r as pha l t/ road o i l  is  dep endent mainly on 
road cons truct i on and maintenance . The s e  have a much h i gher  e l as ­
t i c i ty w i th re s p e ct to the l eve l o f  e conomi c activity than w i th 
resp e c t  to  p r i ce , a l though to  a certain extent , aspha l t / ro ad o i l  
has t o  comp e t e  on a p r i ce b as i s  w i th cement . 

ENERGY FOR ENVI RONMENT IMPROVEMENT 

The harnes s ing of the e arth ' s  energy res ources  dur ing the In ­
dus t r i al Revo lut i on p rovided the opp o r tun i ty for h i gher s t an dards 
of l iving and an exp anding p opul at i on . By us ing increas ing amounts 
o f  ene rgy , the indus t r i a l  nat i ons h ave att ained a mode o f  l iving 
characte r i z e d  by r e l at ive comfort and conveni ence . However , un ­
exp e ctedly in s ome areas , popul at i on and e conomi c act ivi ty h ave 
incre as e d  to the p o int that the natural environmen t i s  l e s s ab l e  
to  ab s orb t h e  many k inds o f  p o l lut ion that were long accep t e d  a s  
n e ce s s ary evi l s  o f  a contemp o r ary and p rogre s s ive s o c i e ty .  The 
p rob l em has b e come an interna t i onal  i s s ue , and s ome governmen ts 
have b e en g iven man dates  to  deve l op the means for de a l ing w i th i t  
e ffective ly .  

, 

Th ere has b e en much deb ate  re garding the leve l s  o f  p ermi s s ib l e  
auto emis s i ons . Al though the s p e c i f i c  t e chn i cal cap ab i l i ty o f  
me e t ing the environment a l  g o a l s  i s  not yet  ava i l ab l e , th e magn i tude 
o f  the j ob and the p en a l t i e s  invo lved are reas onab ly we l l  de f ined . 
In mos t  other areas o f  p r ivat e , comme r c i a l  and indus t r i a l  activity , 
the pena l t i e s  and trade - o ffs a s s o c i a t e d  w i th h i gher  e c o l o g i cal 
g o a l s  and s tan dards have no t b e en comp l e t e ly define d .  I t  has b e ­
come qui t e  app arent , howeve r , that very large amounts  o f  energy 
w i l l  be  requ i r e d  to ab ate p o l l ut i on and imp rove the qual i ty o f  the 
environmen t . 

Tab l e  1 1  g ive s a b reakdown by maj o r  catego r i e s  o f  p roj e c t e d  
en ergy con s ump tion  requi red to  meet  ant i c ip ated envi ronment a l  con ­
tro l s  in 1 9 8 0  and 1 9 8 5 .  Two a l t e rnate cas e s  are sh own in this  
t ab l e :  ( 1 )  energy cons ump t ion s t andards a s s ume d in the int e r ­
me diate cas e and ( 2 )  a ddi tiona l en ergy r equi red t o  me e t  mo re s eve re 
s tan dards s uch as tho s e  as s ume d in th e h i gh demand cas e . Indivi d ­
u a l  envi ronment a l  p rob l ems are dis cus s e d  i n  t h e  fo l lowing p a r a ­
graphs . 

Aut omo t ive Emi s s ions  

The aut omob i l e  emi s s i ons contro l s  requi red  by fede ra l  and 
s tate s t andar ds a l r e ady h ave s ub s t ant i a l ly reduced th e numb e r  o f  
mi l e s  p er g a l l on ob tained b y  newe r mo de l cars and h ave l owe r e d  
the i r  ove r a l l p er f o rmance . I t  i s  e xp e ct e d  that th i s  trend w i l l  
con t inue , thus incre as ing aut omo t i ve fue l  requi rements b y  2 0  t o  3 0  
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TABL E  1 1  

E N E R GY CONSUMPT I ON TO M E ET ENVI R ONME NTAL STANDAR DS 

( BTU x 1 o12l 

Activity 

Auto Emissions Controls 

E l ectric Uti l ity I ndustry 
For Control of Waste Heat 
For Control of NOx (Coal)  
For Control of NOx( Residual F uel O il )  
For Fuel  Desulfurization ( R esidual) 
For Stack Gas Scrubbing (Coal)  

Subtotal- Electric Util ity I ndustry 

Sewage, Water and Solid Waste Treatment 

I ndustrial Sector 

Residual Oi l  Desu lfuri zation (to 0.3% S) 
Coal  G as Scrubbing ( Eq u ivalent to 0.3% S) 

Coking 

I ndustrial :j: 
Other Environmental Control by. l ndustry 

Subtotal-I ndustrial Sector 

Consumption for Al l  Environmental Controls 

Total Energy Consumption-I nitial  Appraisal 

Environmental as % of a Total Energy Consumption 

• Approximate quantities included in  I n itial Appraisal. 

( 1  ) *  
9 1 4  

1 20 
63 

1 83 

2,000 

976 

976 

1980 

4,073 

1 02,581 

4.0 

(2)t 

247 

252 
45 

1 1 9 

63 

726 

2,542 

1 67 

50 

35 
244 

496 

3,764 

3.7 

( 1  )* 
400 

202 
1 1 7 

319 

2,432 

1 ,298 

1 ,298 

4,449 

1 24,942 

3.6 

1985 

t Additional energy requirements because of higher environmental standards subsequent to the I n itial Appraisal. 

:j: I ncluding a relatively small amount for residential/commercial. 

(2)t 

1 ,331  
47 1 

76 

202 

1 1 8 

2,198 

2,580 

304 

7 1  
43 

972 

1 ,390 

6 , 1 68 

4.9 

p e rcent dur ing the 1 9 7 0 - 1 9 8 5  p e r i o d . The e s t imat e s  shown in Tab l e 
1 1  a s s ume that the o c t ane p o o l  l eve l w i l l  remain no h i gher than 
9 1 � 9 3  and that te chn o l o g i ca l  improvements w i l l  b e  made in mo tor 
fue l , aut omob i l e  engine de s i gn and veh i c l e  we i ght that wi l l  event ­
ual ly ove r come many o f  the p ena l t i e s  that are app arent in current 
y e ar mo de ls . 

Tab le 8 s hows e s t imates o f  a l l  transportation ene rgy demand 
var i ab i l i ty w i th changes  in the environmental  contro l s . Al though 
automo t ive con s ump t i on is the maj o r  i t em ,  it i s  e xp e c t e d  that there 
w i l l  be s i gn i f i c ant mo d i f i cat ions in o ther  typ e s  o f  veh i c l e s , a i r ­
craft , e t c . , s o  that the new a i r  qual i ty s t andards wi l l  b e  me t . As 
a rule , s uch chan g e s  wi l l  l ower engine e f f i c i ency fo r at l e as t 
another de cade . S ince i t  wou l d  b e  d i f f i cul t t o  s eparate the effi c ­
i ency imp rovement trends from the e f f i c i ency reduc t i ons r e s ul t ing 
from ant i -p o l l ut i on dev i ce s , th e s e  e ffe cts  are a l l  comb ine d  un de r 
the envi ronmen t a l  cont r o l  p arameter . Th e e s t imated var i ab i l i ty 
in Tab l e  8 indi c a t e s  a s t rong p o s s ib i l i ty that transp ortat ion en ­
e rgy u s e  w i l l  b e  incre as e d  as a resul t o f  a i r  qua l i ty s t andards . 
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Ob s e rving the current " s t at e - o f - the - art" in automob i l e  ant i ­
p o l l u t i on devi ces and as s uming that no - lead  gas o l ine wi th an octane 
numb e r  o f  9 1 - 9 3  wi l l  be re qui red for 1 9 7 6  mo dels , the ave rage e f ­
f i c i ency o f  new cars o f  that vint age wi l l  p robab ly b e  s ub s t ant i a l ly 
b e l ow current l eve l s . I t  wi l l  b e  many years , however , b e fore  the 
o l de r  cars are s crapp e d  and th e entire car populat ion re f l e c t s  th e 
new s t andards . In  the me ant ime , a var i e ty o f  changes in the eng ine 
and sys t em de s i gn are l i k e ly to  incre a s e  e f f i c iency . Many o f  the s e  
trends have b e en incorporated irito the interme di ate cas e . Th e h i gh 
demand var i ant CqS e i s  b as e d  on the p o s s ib i l i t i e s  that ( 1 )  s t r i c t  
s t andards f o r  n i trogen oxide (NOx) contro l wi l l  b e  enfo rced as 
e arly as 1 9 7 5 - 1 9 7 6  and ( 2 )  ant i - p o l lut i on s t andards wi l l  be app l i e d 
to a l l  cars on the road . 

Was t e  H e at Contro l 

Th e was t e  heat  cont rol  category include s the energy require ­
men t to  conve rt  condens e r  cool ing o f  e l e c t r i c  p ower p l an ts (pre ­
s en t ly coo l e d  by rivers and s t reams ) to  we t and/ o r  dry coo l ing 
towers . The e s t imat e s  of adde d energy requi rements in co lumn ( 2 )  
o f  T ab l e  1 1  are b as e d  on the as s ump t i on that one - fourth o f  a l l  
p ower generat e d  w i l l  b e  uti l i z ing we t an d dry coo l ing fac i l i t i e s 
for was t e  heat  ( rather than r ive rs and s treams ) by 1 9 8 0 . Th e 1 9 8 5  
e s t imate a s s ume s that the equiva l ent o f  one - h a l f  o f  a l l  e l e c t r i c  
p ower g enerated  wi l l  require c o o l ing towe rs . 

Con t r o l  o f  N i trogen Oxide Emi s s ions 

Th e e s t imat e s  for the high cas e in the NOx cat e g o r i e s  are 
b as e d  on the as s ump t i on that an 8 5 - p e rcent reduc t i on in emi s s i ons 
o f  NOx from p ower p l ants would be required by 1 9 8 5 . Th i s , in turn , 
woul d r e duce b o i l e r e f f i c i ency . Thus , the con s ump t i on incremen ts 
refl ect  th e addi t i ona l  ene rgy that woul d be requi red if two - th i rds 
o f  a l l  coal  an d re s i dual o i l - fired  p ower p l ants were to have th i s  
s t andard ( 8 5 - p e rcent reduct i on)  imp o s e d  b e fore  1 9 8 0  and i f  a l l  
p l an t s  we re  r e q u i r e d  to me e t  the s tandards by 1 9 8 5 . 

D e s u l fur i z at i on 

S u l fur emi s s ion l eve l s  now are imp o s e d  on new power p l ants in 
certain areas . F o r  o i l , the re i s  an extra ene rgy requirement to  
proce s s  the  fue l b e fore b urn ing . Th i s  requi remen t i s  shown in 
Tab l e  1 1  in the e l e ctr i c  ut i l i ty category , al though i t  coul d be  
c l as s i f i e d  as e i th e r  indus t r i a l  o r  e l e ct r i c  ut i l ity . Th e e s t imate 
re f l e c t s  the a s s ump t i on th at de s ul fur i z e d  fue l - o il wi l l  be required 
for two - th i rds of the re s i dua l o i l  demand p r oj e c t e d  for p ower gen­
e r a t i on by 1 9 8 0  and for all of the demand by 1 9 8 5 . For coal , i t  
i s  as s ume d tha t  s t ack gas s crubb ing wi l l  b e come t e chn i c a l ly and 
economi c a l ly feas ib l e  s o  th at the p r o ce s s can be  emp l oye d wide ly 
by 1 9 8 0 . I t  i s  a l s o  as s ume d that s ta ck gas s crubb ing wi l l  b e  re ­
qui r e d  for  one - th ir d  o f  the demand proj e ct e d  by 1 9 8 0  an d one - h a l f  
o f  the 19 8 5  demand . 
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A l s o , in T ab l e 9 ,  the s ens i t ivity o f  ene rgy demand to var i a ­
t i ons i n  envi ronment a l  s t andards i s  e s t imat e d  for e l e ct r i c i ty con ­
ve rs i on con s ump t i on .  The s e  calcul ations t ake into account the 
maj o r  factors dis cus s e d  ab ove e xcept for the port ion of fue l de ­
s ul fur i z at i on that i s  c arr i e d  on out s i de o f  th e e le c t r i c  uti l i ty 
p-l ant . 

As s uming that environmental  p ro t e c t i on regul ations woul d b e  
s tr i c t e r  than tho s e  us e d  fo r the interme diate p roj e c t i on , energy 
re qui r ement s  o f  e l e c t r i c  ut i l i t i e s  coul d b e  h i gher  by 3 . 5  p er cent 
in 1 9 8 0  and 6 . 3 p e rcent in 1 9 8 5 .  The s e  incre as e s  wou l d  r e s u l t  
p r imar i ly from addi t i onal  requi rement s f o r  the contro l o f  was t e  h e at 
d i s p o s a l  through the op eration o f  coo l ing towe rs  and for moving 
wat e r  in and out of coo l ing ponds . L o s s e s  in b o i l e r  e f f i c i en cy due 
to NOx contro l wou l d  b e  the s e cond mo s t  imp o rt ant fac tor  contribut ­
ing t o  the incre as e in requi rement s .  S t ack gas  de sulfur i zat ion 
s crubb ers for e l imina t ing s ul fur dioxide (S0 2 ) emi s s i ons woul d 
ac coun t  for mo s t  o f  the remainder o f  the increas e . 

A re laxat i on o f  r e gul a t i ons b e l ow thos e  imp l ie d  in the int e r ­
me di ate  c a s e  could r e duce demand by a s  much a s  2 . 2  percent i n  1 9 8 0  
and 2 . 7 p e r cent i n  1 9 8 5 .  The r e duct i on in ene rgy requirement s  
w o u l d  mo s t  prob ab ly re s u l t  from l e s s  s evere l imitat i ons o n  coo l ing 
water d i s p o s a l , p art i cu l a r ly for nuc l e ar p l ants . 

S ewage and Water Tre atment 

Treatment of s ewag e , wate r  and s o l i d  was t e  h ave b e en fami l i ar 
p r ob l ems to the general  pub l i c  be caus e the exp an s i on o f  c i t i e s  and 
s ub urb s acr o s s  the Nation h ave requir e d  imp rove d s ewage· treatment , 
b e t t e r  garb age di sp o s a l  and increas ed wat er s upp ly . Un fortunat e ly ,  
nat i onwi de data de s cr ib ing the magni tude o f  the current e ffort are 
not readi ly ava i l ab le ,  s o  es t imates  we re  p r ep ared  from county and 
mun i c ip a l  data . The s e  dat a we re  ul t imat e ly exp ande d for the en tire  
coun try us ing the  C en s us Series  D p opul at ion fo recas t .  The addi ­
t i on a l  energy n e e ds are ma in ly requi rements for p ump ing and f i l t e r ­
ing and were de r ive d from EPA s ource s . I t  i s  a s s ume d that h i gh 
s tan dards o f  s ewage t r e a tment wi l l  be in e ffe c t  acro s s  the 
Nat i on by 1 9 8 5 ; thus � energy requirements for b o th s ewage and wa ter 
trea tment wi l l  b ecome s i gn i f i c ant parts  of  total  energy consump t ion . 

Other So l i d  Was te D i s p o s a l  

L i t t l e  i s  known y e t  about the nati onwide energy requirements 
and c o s t  of s o l id was t e  d i s po s a l  (wa s t e s  s uch as munc ipal  tras h , 
garbage and o ther r e fus e )  exc ep t  that great e fforts  are b e ing made 
to m in imi z e  c o s t s . S ome fac i l it i e s  in Europe haVe converted  was te 
p r o ducts  to  us e fu l  ene r gy , and i t  i s  exp e c t e d  that future res e arch 
wi l l  demons trate many more oppo r tun i t i e s  fo r ut i l i z ing was t e  prod­
cut s to  generate  ene r gy . The r e fo re , i t  i s  a s s umed that in the l ong 
run the energy derived from s uch effo r t s  wi l l  about equal the ene rgy 
r e qu i r e d  for the gather ing and p reparat i on o f  was te s . However ,  it i s  
doub t ful that the s e  con s e rvat i on sys t ems can b e  i n  general us e b e fore 
1 9 8 0 . 
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Indu s t r i a l  Sector  

I n  the  s econd part  of  Tab l e  1 1 , r e s i dual oil  de sulfur i z a t i on 
and co a l  gas  s c rubb ing i t ems reflect  the e s t imates o f  ene rgy con­
sumed in the manufacture o f  l ow- sul fur ( 0 . 3  percent) fue l  o i l  and 
desul fur i z ation  o f  coal  g as e s  ( through s tack gas s c rubb ing , chemical 
treatment o r  o ther means ) for the vo lume o f  fue l s  consumed in the 
indus t r i a l  s ec t o r . Sma l l  amounts o f  energy used for p r o c e s s ing 
fue l s  fo r the r e s iden t i a l / commerc i a l  s e ctor  have been added to  thi s 
indu s t r i a l  category . The increased  energy us age was c a l culated  by 
as s uming that about two - thirds o f  the s e  s ec tors ' fuel consump t ion 
woul d  be  required to  me e t  the l ow - sulfur s tandards by 1 9 8 0  and that 
a l l  mus t meet such s t andards by 1 9 8 5 .  

Consump t ion by Large I ndus t r i a l  Users  

A broad s urvey o f  e l e c t r i c  ut i l i ty cus tome rs by  the  Edi s on 
E l e c t r i c  Ins t i tute deve l oped s ome e s t ima t e s  o f  energy requirements 
for p o l lut ion ab at ement . * The re spons e s  from the survey indicated  
that about 8 . 4  p ercent of  the  e l e c t r i c i ty consume d by  large  indus ­
t r i a l  cus tomers was us e d  for p o l lut i on ab atement in 1 9 7 1 and that 
the prop o r t ion woul d r i s e  to 1 2 . 9  percent by about 1 9 7 2 - 1 9 7 3 . I t  
i s  b e l i eved that this  i s  a cons e rvat ive proj ect ion for this  cate ­
gory o f  e l e c t r i c  ene rgy users . 

The s ens i t iv i t e s  o f  indus t r i a l  energy to mo re  o r  l e s s  s t r ingent 
emi s s i ons s t andards , a s  e s t imat e d  by the ent ire Ta sk Group , are 
s hown in Tab l e  7 .  The h i gh demand c a s e  indicates  the add i t i onal 
energy that wou l d  b e  required to mee t  the much t i ghter contr o l s  under 
cons i deration  in 1 9 7 2  for pos s ib l e  adop t ion in 1 9 7 5  or ther eafter 
( i . e . , about 2 . 0  quadr i l l ion BTU ' s ,  o r  a 6 . 5 - percent increas e ) . 
Al though the low c a s e  s hows the s ens i t iv i ty to the imp o s i t ion o f  
l ower s tandards t han tho s e  envi s i oned in the intermediate  cas e ,  the 
potential  var i a t i on on the l ow s i de is much l e s s , and it has a l ow 
probab i l i ty .  

A greater  measur e  o f  uncerta inty s ur rounds the impact o f  e n ­
vironmental  imp rovement s tandards o n  indus t r i a l  energy consump t ion 
r e l at ive to  the o ther s e ctors . There  is no doub t  that l arge amounts 
of energy wi l l  be requi red  to c l ean up indus trial  was t e s , but the 
s tr ing ency of the regu l a t i ons , the degree  of enforcement and the 
l evel  o f  vo l untary comp l i anc e to the r e gul a t i ons w i l l  have marked 
effec t s  on the amount of energy that u l t imat e ly wi l l  b e  requ i r e d . 

Ove r a l l  C o s t s  

E s t imat e s  o f  the annual t o t a l  c o s t o f  p o l lut ion aba t ement and 
env ironmental r e s toration  may vary from $ 2 5  to $ 5 0 b i l l i on , pro j ected 

* Re s u l t s  o f  1 9 7 1  s urvey s ummari z ed 1n Tab l e  2 3 .  
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over a rather inde f in i t e  t ime frame . The real  do l l ar co s t  mus t  nec ­
e s s ar i ly r e f l e c t  the rate  o f  impo s i t i on and enfo rcement o f  po l lu ­
t i on s t andards and the t echno l o g i c al capab i l i ty ( inc luding manufac ­
turi ng fac i l i t i e s  and adequa t e ly trained operat ing manpower)  to  
p e r fo rm a task  that  is  no t yet too we l l  unders too d .  The Env i ron­
mental  Pro t e c t i on Agency ( EPA) has  e s t imat e d  that in 1 9 7 0  t o t a l  ex­
penditures for all  kinds of  a i r , water  and was t e  treatments amounted 
to $ 9 . 3  b i l l i on . 

Ab out 4 p e rc ent o f  ene rgy requi rement s  proj ected to 1 9 8 0  ( o r  
4 . 1  quadr i l l ion BTU ' s ) was inc luded in the int e rmediate cas e as 
ene r gy consump t ion for environmental impro vement s .  It  now s e ems 
that new s tandards mi ght require  a commi tment of an addi t i ona l 3 . 8  
quadr i l l ion BTU ' s in 1 9 8 0 . For  1 9 8 5 , the comparab l e  figure s  are 
4 . 4  and 6 . 2 quadr i l l i on BTU ' s  respec t ive ly .  Thus , t he 1 9 8 5  h i gh 
l evel  o f  energy consump t ion o f  1 0 . 6  quadr i l l ion BTU ' s  fo r env i ron­
mental  contro l s  is  equival ent to 8 . 5  p e rc ent o f  the total  U . S .  con­
s ump t i on e s t ima t e d  fo r the  int ermediate cas e , o r  a doub l ing of  the 
s hare of energy u s e d  for tho s e  contro l s . 

E F FECTS OF REDUCED ENERGY CONSUMPT I ON 

The t o t a l  va lue o f  energy at the consumer l eve l contr ibut e s  
a l mo s t  1.0 percent to  the GNP , wh i l e  pr imary fos s i l  fue l s  amount t o  
about 5 percent . I n  one form o r  ano the r , energy i s  an ab s o lutely 
vital  l ink in the pro duc t i on proces s .  S ince l ower energy consump ­
t i on could b e  very c o s t l y  in terms o f  l o s t  product ion and human 
we l fare , the ful l  imp l i c at i ons o f  propo s a l s  to reduce energy growth 
require  careful examina t i on . 

Vo lunt ary imp r ovements in effi c i ency o f  ene rgy us e by individ­
ual s and indus try are  e ffect ive and comp a t ib l e  wi th other  nat ional 
goal s . Thi s  typ e of cons ervation ha s b e en and wi l l  cont inue to be  
deve loped fairly rap i d ly through techno l o g i c a l  advanc e s  and the  
price  sys t em .  The extent t o  which this  current trend mi ght b e  a c ­
cel erated i n  the future i s  one o f  the subj e c t s  o f  the parame tric  
analy s e s  d e s c r i b e d  later  in this  s ec t ion . 

In  contras t ,  arb i trary r e s trict ions on ene rgy us e woul d  have 
predictably  unde s i rab l e  e ffects  on the economy and on individual 
freedom and we l far e . Such r e s t r i c t i ons are l ikely to b e  dis crim ­
inatory , espec i a l ly aga ins t l ow inc ome group s . I t  i s  this  arb i ­
t rary typ e o f  reduc t i on in consump t i on that i s  evaluated in the 
fo l l owing paragraphs . 

E £fects  on Economi c  Growth 

Arb i t rary r e duc t ions in energy consump t ion would have s i gn ifi ­
c ant imp ac t s  on U . S .  economic growth as ind i c ated by the fo l l owing 
examp l e s . I f  1 9 8 5  ene r gy demand were s o  r educed by 1 0  p ercent , real  
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GNP would b e  l owered an e s t imated 7 to 1 8  p e rc ent . * The range  in 
effect  on GNP is the resul t of the d i f ferent paths the reduc tion  
might  take . The l ower effect  woul d  apply i f  energy - int ens ive us e s  
(me t a l s ,  machinery , chemi�al indus t r i e s , e tc . )  were r e s t r ic t e d  f i rs t ; 
the upp e r  end o f  the range would app ly i f  al l us e s  were r e s t r i c t ed 
on a p roport ionate  bas i s . An even more  s evere effect on the econ­
omy wou l d  o c cur i f  i t  were a s sumed that l e s s  energy - intens ive uses  
wer e  r e s t r i c t e d  fir s t . I n  a mo re  extreme examp l e  in wh ich the  1 9 8 5  
energy consump t ion l eve l woul d  b e  lowered by 3 0  p e rcent ( equiva l ent 1 
to  consump t i on growth o f  only 1 . 7  v er s u s  4 . 2  percent in the int e r ­
me diate  cas e ) , the resul t ing reduc t ion i n  r e a l  GNP wou l d  range b e ­
tween 2 0  and 5 0  perc ent . 

Emp l oyment Effec� 

Other things be ing equal , a l ower GNP wi l l  be  accomp an i e d  by 
higher unemp l oym�nt . A ? - percent decreas e in real  GNP in 1 9 8 5  
could p o s s ibly increas e unemp l dyment by about 2 mi l l ion p e� s ons . 
( The unemp l oyment rate increas e us e d  here i s  b a s e d  on the Okun form ­
ula  whi c h  r e l a t e s  the unemp l oyment rate  to var i ous l eve l s  o f  GNP . t ) 
A 5 0 - p e rc ent reduc t i on in GNP , a s  ment ioned in the preceding p ara ­
grap h , i s  out s ide  the range o f  data exp e r i enced in the pas t . How ­
eve r , a s  a po int o f  compa r i s on , the reduc t i on in real  GNP exp er i ­
enc ed dur ing the Depre s s ion p er io d  ( 1 9 2 9 - 1 9 3 3 )  was 3 1  percent , and 
the c ivi l i an unemp l oyment rate r eached 2 5  percent ( o r  an incr eas e 
o f  2 2  p ercent ) . At that t ime , 1 2 . 8  mi l l ion p e r s ons were unemp l oyed . 
A much l arger  numb er o f  unemp l oyed could b e  expected  in the future 
wi th a s im i l ar percentage reduc t ion in GNP . The s e  calculated unem­
p l oyment impacts  coul d be part i a l ly o f fs e t  by changes  in the econ­
omi c  s truc ture and l i fe - s tyl e , but s uch change s  wou l d  b e  s low and 
d i f f i cu l t  to ach i eve . 

Other E ff e c t s  

T h e  impact o f  s l ower energy growth o n  poverty l eve l s  h a s  a l s o  
b e en e s t ima t e d . For  examp l e , i f  the GNP growth rate b e tween 1 9 7 0  
and 1 9 8 5  were reduced from the 4 . 2 - p ercent rate o f  the int ermediate 
case t o  3 . 2  p ercent per  year , total  p e r s onal income would be  much 
l ower , and the numb e r  o f  peop l e  wi thin the poverty catego r i e s  ( in 
1 9 8 5 )  wou l d  be  inc r e a s e d  by 2 to 3 mi l l ion . 

I f  energy c onsump t ion wer e  reduc e d  be caus e o f  l imited  s upply , 
a s i gn i ficant increas e i n  market p r i c e  wou l d  b e  one o f  the cond i -

* The propo r t i ons are  bas e d  upon the r e l a t i onship b e tween energy 
consump t ion and GNP e s t ab l i shed by input/ output analys e s  o f  the U . S .  
Department o f  Commerce  fo r the year 1 9 6 3  and NPC pro j e c t i ons o f  trends 
through 1 9 8 5 .  

t P r e s i dent Johnson ' s  Counc i l  o f  Economic Advi s o r s  s tudy based  on 
1 9 5 3 - 1 9 6 3 data . 
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t ions becau s e  o f  the r e l a t ively low e l a s t i c i ty o f  energy demand to 
p r i c e .  H i gher energy . c o s t s  presumab ly wou l d  be  reflected  very s oon 
in the p r i c e s  o f  vi rtua l ly a l l  goods and s e rvi c e s . In other wo rds , 
hig�e r  p r i c e s  would be  one o f  the soc i al c o s t s  that the Nat i on woul d  
bear i f  energy were i n  s ho r t  supp ly . O the r economic redi s tr ibut i ons 
woul d a l s o  o ccur . Ene rgy- intens ive indus t r i e s , for examp l e , would 
sustain h i gher  operat ing c o s t s  and woul d  have greater di fficulty 
in c omp e t ing agains t indus t r i e s  wi th l ower ene rgy requi rements per  
do l l ar o f  output . 

I f  energy u s e  we r e  l ower becau s e  o f  l im i t s  p l aced on s p e c i f i c  
ener gy us e s  fo r environmental o r  o the r reas ons whi l e  ene rgy p r i c e s  
were contro l l e d ,  an app e arance o f  p r i c e  s t ab i l i ty could ex i s t . 
Thi s  could imp o s e  a part ial ly obscured and very cos t ly s e t  o f  eco ­
nomic p enal t � e s  upon s o c i e ty .  I f ,  for examp1 e ,  mo tor  gas o l ine us e 
were curta i l ed ,  fewer and/ o r  sma l l e r  cars would be  purcha s e d, thus 
requir ing l e s s  output of s t e e l , rubb e r , p l a s t i c , etc . As ide from 
l ower s t andards of vehicular transportation and more unemp l oyment 
in the automo t ive and r e l ated indus t r i e s , the impact o f  reduced 
energy us age wou l d  be  very unevenly d i s tr ibut ed throughout s o c i e ty . 
I n  e ffec t ,  the we l l - b e ing o f  automob i l e  owners , pas s engers o f  a l l  
forms o f  transpo rtat ion , heads o f  hous eho l ds , sma l l  bus ines smen , and 
inde ed , mo s t  ind ivi dua l s  woul d  be reduc e d . The l arge s t  r e l a t ive 
imp ac t  would fal l on the l ower income g roup s . The indus t r i a l  s e c ­
t o r  woul d  b e  ab l e  t o  adj us t eventua l ly t o  a l ower energy consump t i on 
through marg ina l subs t i tutions of c ap i tal  and l abor for energy , pas ­
s ing on the addi t i onal c o s t s  in the form o f  h i gher p r i c e s  for goods 
and s ervi c e s . 
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Chapter  One 

DEMAND VARIAB I L I TY ANALYS I S  FOR THE 1 9 7 1 - 1 9 8 5  PERIOD 

The purp o s e  o f  this  part o f  the energy demand s tudy may b e  
summar i z ed a s  fo l l ows : G iven the condit ions o f  energy financ ing , pro ­
duc t i o n , transp o r tat ion and consump t ion , as  assumed in the interme ­
diate  cas e , to  what extent can f l exib i l i ty in energy demand h e l p  to 
achieve a fina l b a l ance of s upply and demand? The firs t s t ep in an ­
swer ing this  que s t ion was to i dent i fy the fact ors  (p arame t er s )  who s e  
var i at ions wou l d  caus e s i gn i ficant changes  i n  energy demand and then 
to provide quant i ta t ive e s t imat e s  of the e ffects  of change s  in e ach 
parame ter  on the demand for total  energy . As ment ioned in the Intro ­
duc t ion , the s e  parame t r i c  ranges were e s t ab l i shed l ong b e fo re  the Arab 
o i l  embargo and l arge p r i c e  increas e s  of 1 9 7 3 . Cons equent ly , the 
f indings o f  the s tudy do no t r e f l e c t  the s e  recent p o l i t i c al event s . 

SELECT I ON OF  PARAMETERS 

As d i s cus s ed in the Summary the fo l l owing e conomic fact o r s  wer e  
ident i f i e d  by t h e  T a s k  Group a s  s i gn i f i cant parameters  that m i ght b e  
ana ly z ed quant i t a t ive l y : ( 1 ) e conom i c  activ i ty (GNP ) , ( 2 )  p r i c e  o f  
energy ( including c o s t - induced effi c i ency improvement s ) , ( 3 )  popu­
l at ion and ( 4 ) envi ronment a l  contro l s . 

Economi c  Growth 

Overal l economi c  growth app ears to be b e s t  repres ented by real  
gro s s  nat ional produc t . I n  s ome marke t s  (as  in the r e s i dent i a l , for 
ins tanc e ) , the b e s t  man i fe s tat ion of e conom i c  growth may be  found in 
the p e r s onal income t r end which i s , never the l e s s , c l o s e ly r e l at e d  to 
GNP . L i kewi s e , indu s t r i a l  activity s hows a c l o s e r  year - t o - ye a r  cor ­
r e l a t ion wi th the F e deral Re s erve Bo ard Index o f  Industrial  Produc t i on 
( FRB ) rathe r than with GNP . For purp o s e s  of long - term analys i s , 
however , i t  has b e en a s sumed that a l l  o f  the s e  para l l e l  economic 
s er i e s  woul d  vary in prop o r t i on to  a s s umed var iat ions in real  GNP - ­
r e l a t ive to  the int ermediate  cas e .  

C o s t  o f  Energy , I nc luding Co s t - I nduced E f fi c i ency Improvement s 

The p r i ce o f  energy , o r  the " co s t  o f  energy to the consumer" as 
it i s  cal l ed in  t h i s  s tudy , was s e l e c t e d  as a parame ter  not b e caus e 
ener gy demand e l a s t i c i ty has b e en very evident in the p a s t  (when the re 
was a s low d e c l ine in the " r e a l "  p r i c e  o f  energy) but b e caus e p r i ce 
trends coul d b e  much d i ffer ent in the future and b e caus e p r i ce i s  one 
of the fac t o r s  common to b o th the supp ly and demand funct ions . In the 
j udgment of the Task  Group , s i gn i f i c ant changes  in demand m i gh t  b e  
a s s o c i ated w i th very l arge  increas e s  i n  energy co s t s . At any rate , 
i t  was a s ubj e ct that needed to  b e  inve s t i gated even though the 
Task Group was no t o p t imi s t i c  that p re c i s e  quant i t a t ive values could 
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b e  d e t e rmined . A few p r i c e  e l a s t i c i ty s tud i e s  have b e en pub l i shed 
but mo s t  of them dealt with p ar t i cular fue l s  in sp e c i al marke t s  and 
thus we re  o f  l i t t l e  help in deve loping e s t imate s  o f  total  energy 
d emand e l a s t i c i ty .  

In  loo king a t  the " e f fi c i ency o f  energy us e "  fact o r , the Task 
Group became conv inced that it would b e  imprac t i cal t o  try to s epar ­
ate  the e ffe c t s  o f  e ff i c i ency change from the direct  impact o f  energy 
co s t  b e c aus e co s t  frequently i s  the mot ivat ing fo rce  for e ffi c i ency 
improvement , and the consumer w i l l  no t ful ly react to fue l  pr i ce 
chan g e s  unt i l  he has had t ime to  change h i s  e quipment . Thi s  i s  true 
for the homeowner who is cons ider ing addi t i onal s t o rm windows as 
we l l  as for the manufacturer who is evaluat ing the pros  and cons o f  
new machine ry . Therefo r e , the s e cond p arame ter was de fined as " co s t  
o f  ene rgy , including co s t - induced e ff i c i ency imp rovement s . "  For  
the  t ranspo rtation s e ctor , this  e ff i c i ency factor includes var i ant 
cas e s  for the numb er o f  e conomy car s - on - the - ro ad b e cau s e  no s at i s ­
facto ry way was found to  s eparate consumer respon s e s  to  change s  in 
mo t o r  fue l  co s t  from respon s e s  to  changes in the who l e  p ackage of 
automob i l e  op erat ing c o s t s . 

Te chno l o g i c a l  breakthroughs do no t f i gure s i gn i f i cant ly in the 
var i ant analys i s  b e caus e breakthroughs g ene ral ly require l ong t ime 
p e r i o d s  for t e s t ing and retoo l ing , but ev o Zu tionaPy t e chno l o g i cal  
deve l opments and the i r  e ffects  on e f f i c i ency in ener gy consump t ion 
are int e gral  component s o f  s ever a l  of the p arame t ers , inc luding 
energy co s t  and environment al  improvement . Unfo r e s e en revo lut ionary 
t e chno l o g i c a l  i nnovat i ons mi ght have l arge imp act s on energy demand 
but the e s t imated prob ab i l i t i e s  o f  s uch innovat ions b e ing comp l e t e d  
in the p e r i o d  1 9 7 1 - 1 9 8 5  are no t h i gh enough to  fi gure in t h e  range 
o f  var i ance s hown h e r e in . 

Populat i on 

The "popu l at ion" fact o r  .was s e l e cted  b e caus e i t  i s  widely re ­
g arded a s  h av in g  an imp o r t ant and direct  corr e l at ion with energy de ­
mand growth . * On the bas i s  o f  e xp e r i ence and l o g i c , the Task Group 
d e c i de d  that i t  would b e  des irab l e  to  treat s eparately the economi c 
growth and popul at ion  factors  b e c ause  the relat ionships between them 
are comp l ex and no t ne c e s s ar i ly d irect . The comp l ex i t i e s  may be  ob ­
s erved in the chang ing GNP/populat ion r e l at ionships  from s tate to  
state  i n  �he Uni t e d  S t a t e s  and from country to  count ry . 

Ene r gy Requirement s for Envi ronment Improvement 

Envi ronment a l  control was the fourth factor s e l e cted fo r the 
parame t r i c  s tudy b e c aus e i t s  impact  on energy is exp ected  to h ave 

* I n  t h i s  context , " popul at i on" means a l l  the demo graphi c  changes  
that are encomp a s s e d  by the var ious  proj e ct ions o f  the U . S .  Bure au of  
Census . The I ni t i al App r a i s al us ed the Augus t  1 9 7 0  C ensus S e r i e s  D ,  
whi ch proj ected t o t a l  U . S .  p opul at ion at 2 4 0 . 9  m i l l ion p er s ons in 1 9 8 5 , 
i nd i c a t in g  an ave rage growth rate o f  1 . 1  percent p e r  year . 
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a much l arger  we i ght in the future than i t  has had in the p as t ; 
mor e over , the p o s s ib l e  effe c t s  could have wide vari anc e s . I t  was 
d i f f i cu l t  to  expr e s s  this  parame t er in quant i t at ive terms b e c aus e 
there has b e en no previous summat ion o f  the t o t a l  amoun t s  o f  energy 
r e qu i r ed t o  pur i fy a i r  and water and to dispo s e  o f  s o l id was t e s , 
even though much has b e en s a i d  ab out t o t a l  f inanc ial  co s t s . "En­
vironment al improvement"  in the  cont ext of  thi s  parame t r i c  s tudy 
general ly r e fe r s  t o  the eco l o gy and no t to the e conomi c and s o c i al 
mi l i eu o f  urban l i fe whi ch may pre s ent e qua l l y  s e r i ous p rob l ems . 

The re  ar e s everal o ther k inds o f  deve l opments whi ch ,  though 
imp o rt ant in mo l ding ene rgy consump t ion pat t erns , do no t l end 
thems e lve s t o  quant i t a t ive expre s s ion .  Gove rnmental  p o l i c i e s  and 
l i fe - s ty l e  o f  the peop l e  are two examp l e s  which have b een d i s cus s e d  
qua l i t a t ively in t h e  NPC Ful l Rep ort . 

S ince  th i s  s tudy deals  with long - t erm t rends , i t  do e s  no t s how 
reduc t i ons in consump t ion that p robably would take p l ace as a re sul t 
o f  suppl y  cut o ffs  o r  o ther short - t e rm emer genc i e s . Neverthe l e s s , 
the s e  are eve r - pr e s ent danger s that could affect l ong - term demands 
i f  emergenc i e s  happen to o c cur at frequent int erva l s . 

METHODOLOGY 

Many _ o f  the var i ab l e s  affe c t ing future energy demand ( a l though 
genera l ly r e c o gn i z ed as exi s t ing p rob l ems ) had not b e en p revious ly 
exp lored . The r e fo re , s p e c i a l  s tud i e s  we re  undertak en. by individual 
Task Group memb e r s  and s eyeral of the b ackground p apers  are pre ­
s ented i n  Append i c e s  D - I o f  t h i s  repor t . The s e  deal with the fo l ­
l owing ene r gy top i c s : ( 1 )  e conome t r i c  mode l s  for e s t imat ing demand 
e l as t i c i t i e s  in the  r e s i dent i a l / comme r c i a l  and indus t r i a l  s e ctors , 
( 2 )  e f f i c i ency improvement through insulat ion o f  bui l dings , e tc . , 
( 3 )  var i ab i l ity o f  e l e c t r i c i ty demand and ( 4 ) t e chni ca l  po s s ib i l i t i e s  
for improving e ff i c i ency o f  consump t ion . 

To provide a framework for t he s tudy , the Task Group agreed upon 
s ome gene r a l  gui d e l ines  as t o  the  factors  that  affect  the . rate o f  
change i n  energy demand . One suc h  facto r  i s  the change i n  the ma ­
chinery and e quipment that i s  i n  general us e .  Thi s  equipment r ep ­
r e s ents  l arge  c ap i t a l  inves tment s ;  the r e fo r e , fue l  s avings wou l d  
have to  be  sub s t ant i a l  to j us t i fy i t s  repl acement b y  new and mo re 
e ff i c i ent e qu ipment . Unt i l  machinery is s cr apped , mod i f i e d  o r  du ­
p l icated , the change i n  demand i s  no t l ik e ly to  b e  drama t i c . Re ­
p l acement and mo d i f i c a t ion wi l l  probably b e  made gradual ly s o  that 
the t ime fact o r  i s  of great impor t ance in measuring the r e spon s e  
o f  energy demand t o  d i fferent as sump t i ons . F o r  purp o s e s  o f  s imp l i ­
ficat ion , the demand funct ion  i s  defined i n  three d i ffe r ent ways : 

• I n  the s hor t - t e rm ,  consume rs  can operate the ir  equip ­
ment mor e  o r  l e s s  intens ive ly . 

• I n  the int ermediate  p e r i o d , submarginal e quipment wi l l  
b e  improved o r  rep l ace d . 
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• In  the l ong - t e rm ( s ay 1 0  t o  1 5  year s ) , e qu ipment 
could be sub s t ant i a l ly mo d i f i e d , and the sub s t i ­
tutab i l i ty o f  fue l s  wou l d  b e  h i gh .  

In  addi tion , ene rgy demand trends exhib i t  a good deal o f  inert i a  
b e c aus e s e l e c t e d  parame ters  are l ike ly t o  change by r e l a t ive ly sma l l  
increment s .  F o r  examp l e : 

• E conomic growth has been a s l ow moving i t em ,  by de finit ion . 

• Populat ion growth rates  are low and r e l a t ive ly s te ady .  

• I t  was j udged from past  exp e r i ence that the real  co s t  
o f  total  ene r gy woul d  change gradua l ly . S ince i t  i s  
impo s s ib l e  t o  predict  the t iming o f  s udden price  swings 
that m i ght r e s u l t  from eme rgenc i e s , the Task G roup 
as sumed that p r i c e  chang e s  would occur in equal annua l 
increments over the 1 91 1 - 1 9 8 5  s tudy p e r i o d . 

• The exact o ccurrence o f  s i gn i fi cant e ffic iency chang e s  
and env i ronmental  improvements are a l s o  unpredi ctab l e  
and are, the r e fore , as sume d t o  b e  gradual . 

For  s uch r e a sons , the parame t r i c  var i ances  are expre s s ed as 
growth rate  chang e s  over 1 0 - and 1 5 - year p e r i ods , and the e ffects  
on ene r gy demand are e s t imated as changes  in the growth rate . 
No a t t emp t was made to e s t imat e  var i ant cas e s  fo r 1 9 7 5  be caus e the 
parame t r i c  change s wou l d  no t have t ime to t ake  ful l e ffect  and 
cyc l i cal  swings ar e l ike ly to ob s cure the l ong - t e rm trends for 
tha t year . · 

The "pane l o f  exp e r t s "  me thod was used  for deve lop ing a l te rna ­
t ive ene r gy demand c a s e s . Each pane l memb e r , wo rking within de f ­
i n i t e  guidel ine s and as s ump t i on s , e s t imated the s en s i t ivi t i e s  o f  
t o t al ene r gy demand ( in e ach marke t )  t o  change s  in e a ch o f  the four 
parame t e r s . As a rule , a consensus wa s determined by a panel  o f  
s ix memb e r s . 

I t  wa s decided that three po int s should be e s t imated for each 
parame t e r  except " co s t  o f  energy , "  for whi ch consumer re spons e was 
expected  to increas e marke dly in the h i gh c o s t  range s .  The three 
s e l e cted p o int s would he lp to  d e t e rmine "high , "  " intermediate"  and 
" l ow" cas e s . The Task  Group t r i e d  to s e t  s p e c i fi cat ions fo r the s e  
c a s e s  s o  that they woul d  span the range o f  the mor e  probab l e  var i a ­
t i ons o f  t o t a l  ene r gy demand trend dur ing the 1 9 7 0 - 1 9 8 5  perio d ,  as 
d e s cribed in the fo l l owing paragraphs . 

For  the " economi c  growth" parame t e r ,  the Task Group agreed to 
us e real  GNP wi th a growth rate  ranging between 3 . 2  perc ent and 4 . 4  
percent p e r  year , inc l ud ing the intermediate  case  (I n i t i a l  Appra i s a l ) 
rate  o f  4 . 2  percent . The s e  are 1 5 - year average s ;  the upward trend 
i s  exp e c t e d  to b e  fas t e r  in early years and s l ower toward the end 
o f  the p e r i o d  but part o f  the change in rate  i s  a resul t of us ing a 
depres s e d  year ( 1 9 7 0 )  as  the b a s e  year . The dispers ion o f  the Task 
Group ' s  e s t ima t e s  was s omewhat broader than this 1 . 2 �percent po int 
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spread but mo s t  o f  the e s t ima t e s  were near the ave rage . The range 
l im i t s  a l s o  r e f l e c t  the Task Group ' s  fe e l ing that there is greater  
probab i l i ty and the actual trend woul d fal l b e l ow , rather than 
above the int ermediate  cas e . 

I n  the int e rme diate  cas e , the energy demand proj ect ions were 
prepared independent ly of the ene r gy s upply analys i s . Howeve r ,  
in th i s  final analys i s , the s e l e c t ions o f  h i gh and low proj ect ions 
for . " co s t  of energy to  consumer" we re  influenced by the findings 
of the NPC Ful l Report  re garding future s upp ly trends . As a bas i s  
f o r  the h i gh cas e , i t  was as s umed that the " r eal"  co s t  o f  "pr imary" 
ene r gy would  doub l e  by 1 9 8 5 , increas irig on a s t r a i ght - l ine trend . * 
F o r  the l ow cas e , i t  was a s sume d that the p r imary energy co s t  ( i n  
r e a l  t erms ) woul d  gradua l ly decl ine by 1 0  p er cent over t h e  1 5 - year 
p e r io d .  The int e rmediate case , of  cour s e , predicated no s i gn i f i cant 
change in the r e a l  co s t  of energy . Such as s ump t ions on p r imary p r i ce 
changes  would  r e s u l t  i n  much smal l e r  p ercentage change s  in the co s t  
o f  energy to  t h e  consumer , a s  shown i n  T ab l e  4 (p . l l  ) .  

The U . S .  Bur e au o f  the Census has deve loped s at i s factory e s t i ­
mat e s  o f  popu l a t ion  trends under different s et s  o f  a s s ump t ions ; the 
d i fficu l ty l i e s  in s e l e c t ing the mo r e  p rob ab l e  a l ternat ive s . At 
the b e g inning o f  the s tudy , the Task Group cho s e  Census S e r i e s  D ,  
pub l i shed in Augus t 1 9 7 0 , as the p opul at ion  a s sump t ion for the 
interme d i a t e  c as e . Sub s equent ly , S e r i e s  C and S e r i e s  E ( from the 
s ame pub l i ca t i o n )  we re  s e l e ct e d  for the h i gh and l ow energy demand 
c as e s  r e s p e c t ive l y . Al though i t  i s  s t i l l  t o o  e ar ly to b e  cert a in , 
the curr ent de c l ine in t he fert i l i ty rate  sugg e s t s  that the U . S .  
popul at ion  i s  mo r e  l ikely to fall  be l ow ( rather than ab ove ) S e r i e s  
D l eve l s  but , even i f  the total fert i l ity r a t e  should drop to a s  
l o w  a s  1 , 5 0 0 p e r  thous and in 1 9 8 0  (ver s u s  the long- term replacement 
rate of 2 , 1 1 0 ) , the Nat ion s t i l l  wou l d  h ave a population increas e 
o f  s ome 2 3  m i l l i o n  by 1 9 8 5 . 

The populat i o n  numbers s hown in Tab l e  1 2  di ffer s l i gh t ly from 
the C ensus rev i s i ons  ( S e r i e s  D ,  C and E )  pub l i shed in Decembe r  1 9 7 2 . 

Star t ing with an average age o f  2 7 . 7  in 1 9 7 0 , the Census S e r i e s  
C ,  D and E p ro j e c t  ave rage a g e  fo r t h e  t o t a l  poptilation in 1 9 8 5  a t  
2 8 . 8 ,  2 9 . 8  and 3 0 . 3 ,  r e spect ive ly . 

I t  was no t feas ib l e  to  s e t  s p e c i f i c  gui de l ines for the ' ' environ­
ment contro l "  facto r ; however , a s p e c i a l  s tudy o f  p o s s ib i l i t i e s  in 
thi s  ar e a  was under t aken to  provide b ackground informat ion and a 
cro s s - ch e ck on the p ane l ' s  e s tima t e d  h i gh ene rgy demand cas e . A 
summary o f  the r e s u l t s  o f  this  s tudy was s hown in Tab l e  1 1 . The 
amounts  o f  ene r gy to be consume d for env ironmental  improvement in 
the intermediate  c a s e  proj ect ions ar e e s t imat ed to e qual almo s t  
4 p ercent o f  to t a l  energy consump t ion i n  1 9 8 5  v er s u s  2 t o  3 p e r cent 
u s e d  for that purp o s e  in 1 9 7 0 . 

* The " r e a l "  co s t  o f  pr imary ene r gy results  from an averag e  o f  
fue l p r i c e s  at the we l lhead , mine , e tc . , a s s uming n o  inflation  i n  
the proj e c t i o n  p e r i o d . 
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TABLE 1 2  

U.S. TOTAL POPULATION PROJECTIONS 

Census Series C Census Series D Census Series E 

Million Average Annual Million Average Annual Million Average Annual 
Persons Percent Change Persons Percent Change Persons Percent Change 

1 970 204.9 204.9 204.9 
1 .3 1 .0 1 .0 

1 980 232.4 227.5 225.5 
1 .4 1 .2 1 .0 

1 985 249.2 240.9 236.9 

Source: Bureau of Census, Department of Commerce, Census Series P·25, No. 448 (August 1970) . 

Tab l e  1 3  s ummar i z e s  the s al ient guide l ine s , descr ibed in the 
p r e c e d ing paragraph s , whi ch we re app l i e d  to the parame t r i c  range s . 
The s e  s ame aver age annual  growth rat e s  wer e  u s e d  by a l l  t ask group 
memb e r s  in order t o  o b t a in cons i s t ency in the i r  s ens i t ivity analys e s . 

Real G N P  G rowth 

TABLE 1 3  

GUIDELI N ES F O R  TH R E E  E NE RGY D EMAN D  CASES 
AVERAGE ANNUAL GROWTH RATES - 1 970-1 985 

H igh Demand I ntermediate 

4.4% 4.2% 

Real Cost of Primary Energy* -0.6% No Change 

Population 1 .3% 1 . 1 %  

Low Demand 

3.2% 

4.7% 

1 .0% 

Environmental Controls Very Strict Standards Strict Standards More Lenient Standards 

* For the consumer, cost changes assumed at about one-third of these rates. 

I t  was agreed  that reas onab ly good approxima t ions o f  demand 
s ens i t iv i t i t e s  cou l d  b e  der ived by careful examina t i on o f  the many 
individual marke t s  and uies for ene rgy . With such b re akdowns , the 
app l icat ions of e conome t r i c  mode l s  were fac i l i t ated and the Task 
G roup could draw on the exp er t i s e  o f  mark e t e r s  and t e chn i c i an s  who 
were fami l i ar with p ar t i cu l ar mark e t s . When al l the energy u s e s  
we r e  comb ine d , s ome o f  t h e  errors i n  the components probab ly were 
o ff s e t t ing so that the Task Group had a fairly h i gh degree o f  con­
f i dence in the t o t a l  ener gy var i ance s .  
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The dec i s ion  to  inc lude " e l e c t r i c i ty usage" with t o t a l  ene r gy 
consump t ion in e ach consuming s e ct o r  requires  a word o f  exp l anat ion . 
E l e c t r i c i ty wi l l  comp e t e  more  and mo re  wi th certain fo s s i l  fue l s  
i n  many s ec t o r s  and t o  treat i t  s eparately would ne c e s s i t ate the 
cal cu l at ion  of cro s s - e l a s t i c i t i e s  of demand for fue l s  and e l e c t r i c i ty 
whi ch , a s  exp l a ined previous ly , could no t be  done by the Task Group 
b e c au s e  o f  ant i trus t imp l i c at ions . Even wi thout th i s  r e s t r i c t ion , 
i t  app e a r s  that the po s s ib l e  gains in accuracy result ing from such 
concep tual r i go r  would no t have been  s i gnifi cant enough to j us t i fy 
the g r e a t e r  analytical  comp l ex i t i e s  that i t  would ent a i l .  

SECTOR ANALYS I S  

Re s ident i a l  and C omme r c i a l  

An approximate b re akdown o f  t o t a l  1 9 7 0  res i dent i a l / commer c i a l  
energy consump t io n , by component us e ,  i s  s hown i n  Tab l e  1 4 . Thi s  
c a t e go ry a l s o  inc lude s consump t ion i n  pub l ic bui l d ing s . 

TABLE 1 4  

1 970 R ES I DENTIAL A N D  COMME RCIAL 
E N ERGY CONSUMPTION 

Usage 

Space Heating and Cooling 

Water Heating 

Refrigeration 

Lighting 

Cooking 

Other Residential Use* 

Other Commercial and 
Publ ic Use t 

Total 

* Television, a l l  other appliances and equipment. 

t Elevators, appliances and other equipment. 

Quadrill ion 
BTU's 

1 0.65 

2 .05 

1 .1 5  

0 .70 

0.68 

0.35 

0.22 

1 5.80 

Total 
(Percent) 

67 

1 3  

7 

5 

4 

2 

2 

1 00 

S ince the data  l i s t ed ab ove are no t regular ly pub l i shed for a l l  
t h e  categor i e s , t h e  s t at i s t i c a l  ana ly s i s  pre s ented h e r e  h a s  b e en ap ­
p l i ed t o  the t o t a l  r e s ident i a l / comme r c i a l  ene rgy consump t ion s er i e s . 

4 1  



The f indings wer e  adj us ted on a j ud gmental bas i s  to a l l ow for  ex ­
p ec t e d  changes  i n  the r e l a t ive we i gh t s  o f  the component u s e s . For  
ins t ance , the  demand fo r a i r  cond i t i oning is  exp e c t ed to become 
prop o r t i onat e ly l arge r , and this  i s  one o f  the mor e  e l a s t i c  com­
ponents  of r e s ident i a l / comme r c i a l  demand . 

Almo s t  a l l  o f  the demand s ens i t ivity in t h i s  s e ctor  mus t  o c cur 
in the f i r s t  four i t ems o f  Tab l e  1 4  and , in fac t , heating and a i r­
condit ioning are l ikely to provide mo s t  o f  the demand flexib i l i ty .  

One parame t e r - - e conomic growth - - could affect a l l  o f  the us e 
comp onent s b e caus e i t  determine s the l eve l o f  income , the numb e r s  
o f  home s , comme r c i a l  and pub l i c s t ructur e s  and t h e  numb e r  o f  en­
ergy- consuming appl i ance s .  

Corre l a t i ons o f  h i s to r i cal data for re s i dent i a l / comme r c i a l  e n ­
e r gy demand w i t h  e i ther real  GNP o r  real  per s onal d i spo s ab l e  income 
s howed ve ry c l o s e  re l a t ionships CR = 0 . 9 9 ) . Re gr e s s ion coe ff i c i ents  
for e conomic growth i ndicated that  ene rgy consump t ion wou l d  vary by 
approximately  the s ame p ercentage and in the s ame direction as i n ­
come ( o r  GNP ) var i a t i ons . The s e  coeffic ients changed ve ry l i t tJe , 
when the p r i c e  o f  energy , temperature (degree  days ) and popul at ion 
we r e  added to  the e quat ion  as independent var i ab l e s  in mul t ip l e  
corr e l at ion ana lys e s . Al though the s e  h i s to r i ca l  r e l at ionships pro ­
vided s ome gui dance for proj e c t i ons , i t  was the Task Group ' s  b e -
l i e f  that h i gh i ncome e ffects  masked the indep endent impacts  o f  p r i c e  
and populat ion , whi ch usual ly we re  operat ing in t h e  s ame d i r e c t ion . 
I n  thi s  h i s to r i c a l  p e r i o d , popu l at ion wa s increas ing comparat ive ly 
rap i dly and the t rend of real ene r gy p r i ce- was downward ; there fore , 
the income factor ' s  h i s to r i c  coeffic ient o f  uni ty was reduced in 
order to e l iminate t he e ffec t s  of the s e  o ther factors  on the in­
come / GNP component . The degree of reduct i on is a que s t ion of j ud g ­
ment . According to  t h e  Task  Group consensus , an incre a s e  o f  1 p e r ­
cent i n  the GNP growth r a t e  wou l d  incr e a s e  r e s i dent ial/ comme r c i a l  
ene r gy growth rate  by 0 . 6  percent, and a decre a s e  o f  1 percent would 
decr e a s e  the ene r gy growth rate by 0 . 5  percent . 

An examina t i o n  o f  the proce s s e s by whi ch energy p r i c e  mo t iva ­
t ions are l ikely  t o  mod i fy consump t ion l e d  to  the fo l l owing conclu­
s ions r e garding the  impact and t iming of  the  parame t e r  " co s t  of  
ene r gy to  the consume r : "  

• H i gher energy co s t s , if sudde n , m i gh t  s t imul ate homeowners 
to  l ower the thermo s tat in winte r ,  u s e  the air  cond i t i oner 
l e s s  in s umme r , turn o ff l i gh t s , keep doors and windows 
c l o s ed and e conomi z e  in o ther s ma l l  ways . The s ame re ­
act ions would be  expected in the comme r c i a l  and pub l i c 
s e ctor s . Thi s  d i r e c t  influence o f  p r i ce was no t g iven a 
l arge we i gh t  b e caus e the co s t  change was no t as sumed to  
be l arge enough o r  sudden enough to  induce consume rs  t o  
mo d i fy the i r  hab i t s  s i gn i f i can t ly . I t  wi l l  be  recal l e d  
that the range o f  var i ab i l ity fo r co s t  o f  energy to  the 
consumer a s sume s only a, 2 - 1 / 2  per cent c o s t  decr e a s e  over 
1 5  years for the h i gh demand cas e and a 2 5  p e rcent co s t  
incr e a s e  fo r the l ow demand case . 
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• A trend t oward h i gher real  co s t s  o f  energy (probab ly a c ­
c entuate d  b y  inf l at i onary pre s sure s )  could operate  t o  
s i gn i f i cant ly improve the e ff i c iency o f  us .e in thi s  s e c ­
t o r . Thi s  tiend would b e  re inforced by h i gher Federal  
Hous ing Admin i s trat ion ( FHA) s t andards and other govern­
mental incentives and admon i t i ons . In  o rder to e s t imate 
the magni tude of this co s t - induced e f f i c i ency imp rove -
ment , a s p e c i a l  review o f  the e ffe c t s  o f  insul at ion and 
other opportun i t i e s fo r fue l  s avings was undertaken by 
the Task Group . Thi s  i s  summar i z ed in App end ix D .  The 
interme d i at e  case  as sume s a cont inuat ion o f  p a s t  trends 
toward be tter  insul ated bui ld ings and improved heat ing 
p l ant s . For the l ow energy demand cas e , the p anel  cons ensus 
indi cates  that there would be a growth rate reduct ion  o f  
0 . 6  p e rcent a s  a result  o f  an energy p r i c e  r � s e  o f  1 . 5  percent 
p e r  year ( i . e . , - 0 . 4  e l a s t i c i ty)  whi ch i s  a s omewhat 
l e s s er r e sp ons e than the the o r e t ical reduc t ion s hown 
in App endix D .  

• Seve ral p ane l memb e r s  exp e r imente d  with econome t r i c  mo de l s  
f i t t e d  to  h i s t o r i c al data with the obj e c t ive o f  cal cul at ing 
energy demand - p rice  e l a s t i c i ty for the res iden t i a l / comme r c i a l  
s e cto r . Al though the r e  we re few ins t ance s o f  r e a l  p r i ce 
incre a s e s  in the h i s t o r i cal p e r i o d , there have b een l arge 
decl ine s and i t  may b e  argued that the s e  decl ine s coul d 
d e t e rmine the shape o f  a demand curve wh i ch woul d  b e  val id 
for p r i ce increas e s  a s  we l l  a s  decreas e s . The mo s t  p romi ­
s ing method s e ems to  b e  the two - s tage l e a s t  s quar e s  t e ch ­
n i que which was used  on consump t ion data - - b o th including 
and exc luding e l e c tr i c i ty . The f indings o f  the mo de l s  
indi cate demand - p r i ce e l a s t i c i ty o f  - 0 . 4  t o  - 0 . 5  whi ch 
i s  ve ry c l o s e  to  the f indings o f  o ther ty�e s o f  ana lys e s  
a s  we l l  a s  to t h e  T a s k  Group cons ensus . There  a r e  many 
l im i t a t i ons to such mode l s , s ome o f  whi ch are d i s cus s e d  
in App end i c e s  E and F where i t  i s  sugge s te d  t h a t  mo d e l s  
should g ive mo re  emphas i s  to rec ent exp e r i ence , that 
e l e ct r i c i ty and fo s s i l fue l s  s hould be  handl e d  s ep arate ly 
and that the demand func t ions probab ly shoul d include more  
var i ab l e s . The  s i gn i fi cance of  thi s  s tudy l i e s  in the  
guidance deve loped for fur ther model ing . 

• I n  the j udgment o f  the Task Group , the demand - p r i c e  e l as ­
t i c i ty would b e  greater in the h i gher p r i c e  r anges  and 
a t t empt was made to quant i fy this  d i fference within the 
a s sumed p r i ce r ange . The conc lus ions are no t s hown s ep a ­
r a t e l y  but are r e f l e c t e d  i n  t h e  energy growth r a t e  fo r the 
h igh co s t  c as e . 

Wi t h  re gard to the popul a t i on p arame t e r , i t  was conc luded that 
var i a t i ons among the C ensus S e r i e s  C ,  D and E would  have only mino r 
e f f e c t s  on ene rgy consump t ion in the re s ident i a l / comme r c i a l  s e ctor . 
The d i fferenc e s  in a s s ump t ions re gard ing b ir thrat e s  are re lat ive ly 
sma l l  and the s e  d i ffe renc e s  should have negl i g ib l e  e ff e c t s  on the 
l ab o r  force and on hous eho ld format ions p r i o r  to 1 9 8 5 .  It i s  
thought that the mul t ip l i er e ffect  from a h i gher popu l at ion growth 
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would have i t s  impact on consump t i on pr imar i ly after i t  c au s e d  in­
cr e as e s  in l ab o r  fo rce and hous eho l d  forma t ion . The Task  Group con­
s ensus shows imp a c t s  on the  ene rgy demand growth rate of  + 0 . 2  per ­
cent fo r Census S e r i e s  C and - 0 . 1  p ercent for Ser i e s  E ,  whi ch are 
exact ly the d i fferenc e s  in popu l at ion growth r a t e s  among S e r i e s  
C and E and the int erme d i at e  cas e , S e r i e s  D 

I t  wa s conc luded that various po l lution contro l ca s e s  wou l d  
have r e l a t ively smal l direct  e ffects  o n  this  s ector . 

Tab l e  1 5  s hows the a s sume d parame t r i c  ranges and the var i ab i l i ty 
in ene r gy demand growth r a t e s  that would r e s u l t  from the " independent "  
var iat ion o f  e ach parame ter  i n  the res i dent i a l / comme r c i a l  s e c t o r . 
The p lus o r  minus var i a t i ons are me asured  from the growth r a t e s  e s t i ­
mated for the int ermediate  cas e . The e l a s t i c i t i e s  can b e  read i ly de ­
t e rmined from t h i s  t ab l e . Tab l e  6 t rans l a t e s  the s ens i t iv i ty analy-
s i s into ene r gy consump t ion rang e s  fo r the t e rminal  years 1 9 8 0  and 1 9 8 5 .  

TABLE 15 

R ESI DENTIAL/COMMERCIAL DEMAN D SENSITIVITY (PERCENT) 
TO PARAMETRIC VAR IATI ON 

Parametric Range 

Economic G rowth Rate ( Real G NP) 
( I n itial Appraisal = +  4.2%/Yr.) 

+ 4.4% 
+ 3.2% 

Cost of Energy Changes - %/Yr. 
( I n itial Appraisal - No Change) 

- 0.2%/Yr. 
-

+ 1 .5%/Yr. 

Population 
( I n itial Appraisal = +  1 . 1 %/Yr.) 

+ 1 .3% 
+ 1 .0% 

Environmental Controls 
H igher Standards 
Lower Standards 

I ndus t r i al Ene rgy D emand 

Change in Energy Growth 
Rates From In itial Appraisal 

(Rate of 3.6 percent) 

1 970-1 980 

+0.1 2  
-0.5 

0 
-0.4 

+0.2 
-0. 1 

0 
0 

1970-1985 

+0.1 2 
-0.5 

0 
-0.6 

+0.2 
-0.1  

+0.1  
0 

I n  the 1 9 7 2  report  o f  the Energy D emand Task Group the r e l a ­
t i onship b e twe en e conom i c  activ i ty and indus t r i a l  energy consump t ion 
was d e s c r i b e d  in d e t a i l . I t  was po inted out that there are many 
devel opments , b o th t e chno l o g i ca l  and e conomi c ,  that wi l l  cont i nue 
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to  mo d i fy this  r e l at ionship . Dur ing the p o s t  Wo r l d  War I I  p e r i o d , 
indus t r i a l  ene rgy consump t ion grew at only 6 0  percent o f  the ex ­
p ans ion  rate  o f  indus t r i a l  product ion , even t hough energy p r i c e s  we r e  
d e c l ining in t erms o f  cons t ant do l l ars . The ind i cated improvement 
in e ff i c i ency of energy u s e  i s  b e l i eved to have b e en p r imar i ly a 
r e s u l t  o f  t e chno l o g i c a l  chang e and a shift  from coal to  o i l  and gas . 
The t e chno l o g i cal and e conom i c  tr ends we r e  s tud ied for e ach indivi ­
dual indu s t ry in order to det ermine the ext ent to wh i ch the e f f i c i e n ­
c y  o f  ene r gy �s e w i l l  change i n  futur e years and how indu s t r i al con­
sump t i on o f  energy i s  l ik e ly to corr e l a t e  with e conomic growth . 

Al though each Task Group memb er submitted  h i s  own e s t imat e s  o f  
futur e demand s en s i t ivity , b ackgr ound informat ion was provided by a 
s e r i e s  o f  special  s tud i e s  o f  the indus t r ial  s e ctor whi ch included 
deve l o pment o f  the e conome t r i c  mo d e l  de s cr ib e d  in the fo l l owing 
page s and in App endix G .  

I n  attemp t ing to quant i fy the e ffect o f  energy co s t  on energy 
consump t i on in the indu s t r i a l  s e ctor , comput er mo del ing t e chn i ques  
wer e  used to  try to determine e l a s t i c i t i e s . In exp e r imentation with  
d i fferent mo de l s , thous ands o f  candidat e s  wer e  inve s t i gated us ing a 
s e arch rout ine whi ch examined comb inat ions o f  var i ab l e s to  f ind 
"b e s t "  f i t s . The s e  s e ar che s produced ab out S O  promi s ing candidate 
mo de l s , and the s e  in turn we r e  re duced to four . Each o ffered s ome 
spec i a l  ins i gh t  or advantage , and each was b a s e d  on the prem i s e  that 
ene rgy , c ap i t a l  goods and l abor  a l l  comp e t e  for the product ive funds 
of industry . 

To r emove the domina t i on o f  indus tr ial produc t i on from t o t a l  
Indus t r i a l  Ener gy demand ,  a numb er o f  regr e s s ions were run w i t h  
" energy per  un i t  o f  t h e  FRB produc tion index" as t h e  dep endent 
var i ab l e .  Mo de l A ( s e e  Tab l e  1 6  and App end ix G fo r mo de l d e s c r ip t ions ) 
r ep r e s en t s  the s imp l e s t  mo de l , bas ed only on relat ive p r i c e s  o f  thr e e  
aggregate  fac t o r s  o f  produc t ion- - energy , cap ital  goods and l abo r . 
I n  the exp er imentat ion , however , the l evel o f  product ion s t i l l  s e eme d 
imp o r t ant , app arently due to an economy o f  s c a l e  cons iderat ion , whi c h  
l e d  to t h e  deve lopmen t o f  Mo del  B .  Mo del  D ,  which u s e s  only the 
p r i c e  of l abor  a s  an exp l anatory var i abl e ,  repre s ents  an attemp t to 
reduc e the proc e s s  to  a s  s imp l e  a device  a s  po s s ib l e  whi l e  reta ining 
reas onab l e  accuracy over the h i s to r i cal  p e r iod . F ina l ly , after  wo r k ­
ing with  comb ina t ions o f  l agged  va r i ab l e s , Mo del C emerged  a s  the 
mo s t  d e s c r ip t ive mo del  of the s y s t em int eract ions in the h i s to r i c al 
p e r iod . Mo s t  imp o r t ant , t he fo rm of Mo del  C s e emed s t ab l e  in that 
c o e ff i c i ents  of the va r i ab l e s  s t ayed c l o s e  to tho s e  found in Mo del  
C a s  o ther var i ab l e s were added . 

For  purp o s e s  o f  pro j e c t i on , howeve r ,  Mode l s  A ,  B and D were u s e d  
s ince  a n  equi l ib r ium mo del  s e ems l e s s  subj ect  to  s t at i s t ical  b i as 
than a dynamic one . Mo del  C woul d  require ant i c ipat ing not only 
r e l at ive p r i c e s , but a l s o  pr e d i c t ing a d i s t r ibut e d  lag ove r the 
proj e c t ion p e r i o d . Mo d e l ing for proj e c t i ons into the futur e , o f  
cours e ,  a l s o  invo lve s a comb ina t i on o f  exp e r i enc e and j udgment no t 
apparent in o ther regr e s s ion mo de l s . Tab l e  1 6  s hows energy pro ­
j ec t i ons thr ough 1 9 9 0 , us ing thr e e  a l t ernat ive mo de l s  and a j udg­
ment a l ly adj us t e d  proj e c t i on . Th i s  tab le also  s hows the proj ect ions 
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TABLE 1 6  

T I M E  S E R I ES PROJECTIONS 
( 1 957-1959 = 1 .00) 

F R B  I mpl icit 
I ndex of Price of · Price of GNP 

I ndustrial I ndustrial Price of I ndustrial Price 
Production E nergy Capital Labor Deflator 

1 975 2.009 1 .457 1 .539 1 .998 1 .623 

1 980 2.457 1 .859 1 .851 2 .549 1 .881 

1 985 2.91 9 2 .262 2 . 1 88 3.176 2 . 1 28 

1 990 3.41 8 2.669 2 .549 3.957 2 .408 

Projections of I ndustrial Energy Demand (Quadrillion BTU's) 

Model Model Model Adjusted 
A B D Projection 

1 975 20.99 20.85 2 1 .83 23.1 0 

1 980 22.44 22.39 24.32 26 .30 

1 985 23.61 23.60 26.49 29.07 

1 990 24.99 24.66 28.38 31 .88 

as we l l  as t ime s e r i e s  e s t imat e s  u s e d  in deve lop ing the ene r gy f i g ­
ur e s . The data on ene r gy demand wer e  der ived from U . S .  Bure au o f  
Mines f i gure s .  The imp l i c i t  GNP p r i c e  deflator was u s e d  a s  an over ­
a l l  p r i c e  index , whi l e  the p r i c e  o f  cap i ta l  was approxima t e d  by the 
imp l i c i t  p r i c e  defl ator for fixed non - r e s i dent i al inves tment . The 
ener gy p r i ce was deve loped from the annual Bure au o f  C ensus Survey 
of Manufactur e s , and the l ab o r  p r i c e  was approximated by the ave!age 
hourly gro s s  e arnings for a l l  manufactur ing per product i on wo rker . 

The fact that al l o f  the var i ab l e s  in the mo de l s  r e fl ect h i s t o r ­
i c a l  trends t oward mo re  e f fi c i ent ut i l i z at ion o f  energy r e su l t s  in 

· the mo de l s ' fore c a s t s  o f  indu s t r i a l  ene r gy demand being somewhat low ­
e r  than the adj u s t e d  proj e c t ion . When a l l  o f  the evo lving t rends 
whi ch ar gue for  h i gher r a t e s  o f  indu s t r i al energy use in future years  
we re  cons i de re d , the  adj us ted c a s e  app eared mo re  reas onab l e . 

Examinat i o n  o f  the s i gns o f  the mo de l s ' co effi c i ent s reve a l s  that 
demand for ene r gy p e r  uni t  of FRB wou l d  incr e a s e  with an increas e in 
the p r i c e  of c ap i ta l  goods  s ince there wou l d  be  l e s s  pres sure to sub ­
s t i tute . cap i t a l  for ener gy . Conve r s e ly , p r i ce incre a s e s  in energy and 
l ab o r  wou l d  r e s u l t  i n  cap i t a l  s ub s t i tut ion and decreas e d  ener gy us age . 
Sharp incre a s e s  i n  l ab o r  r at e s  r e l at ive to  o ther p r i c e s  · during the 
h i s t o r i c a l  p e r i o d  cau s e d  a s h i f t  into produc t ion ut i l i z ing mo re  
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cap i t al e quipment whi ch i s  mo re  effic i ent in t erms o f  ene rgy and 
l ab o r  u s e . Thi s trend in the h i s t o r i cal data has p l aced a down ­
ward b i as on the mo de l ' s  ene r gy proj e ct i ons and account s fo r a 
maj o r  part  o f  the d i fference b etwe en the ene rgy pro j e ct ions g enerat e d  
by the mo de l s  and the j udgmenta l ly adj usted  proj ect ion ( s e e  Tab l e  1 6 ) . 

The main conclus ion from the analys i s  o f  the year ly t ime s er i e s  
data was an app arent po int e l a s t i c i ty o f  approximat e ly - 0 . 4 .  Thi s  
r e spon s e  i n  energy consump t ion t o  energy pr i c e s  p robably i s  a fa i r l y  
ac curate  r e f l e c t ion o f  the r e l a t ively ine l a s t i c  indu s t r i a l  energy 
demand over the s hort  run . 

Next , a cro s s - s e c t ion s tudy b a s e d  on the 1 9 6 3  Census o f  Manu ­
factures  was att empted  to  examine p r i c e  e l as t ic i ty on a s t at e  l eve l . 
S ince ene r gy p r i ce s  vary much mo re  wide ly acr o s s  s t at e s  than when 
aggregated for the count ry , it wa s hoped that the cros s - s e c t ion  
s tudy woul d  yield  s omething approaching a long - te rm p r i ce e l as t i c i t y . 
Us ing a mod e l  s im i l ar to Mo de l A ,  a r e gre s s ion was run whi ch y i e l de d  
a n  ene r gy po int e l a s t i c i ty o f  - 1 . 1  w i t h  a s t andard e r r o r  in the co ­
e f f i c i ent o f  0 . 1 .  A one - t a i l e d  t e s t  on the  co e f f i c i ent wou l d  con­
c l ude that energy demand i s  r e l a t ively e l a s t i c  at roughly an 8 4 -per ­
cent l evel o f  confidence unde r cond i t ions approximat ing long - run 
s t ab i l i ty . I n  contras t ,  a s im i l ar t e s t  on the t ime s e r i e s  dat a 
u s e d  in Mo de l A ,  B or C woul d  indicate a r e l atively ine l as t i c  demand 
at the 9 9 -p e r cent l evel o f  e ach mo de l . On a caut ionary no t e , i t  
s houl d b e  po inted out that the cro s s - s ect ional analys i s  p rob ab ly 
ove r s t at e s  e l a s t i c i ty me asurement s .  A numb er o f  non - p r i ce factors  
affect  indu s t r i al ene r gy consump t ion in various s t a t e s  ( e . g . , proxim­
i ty o f  a s k i l l e d  l abor  fo rce , t ax s t ructure s ,  e t c . )  and i t  would be  
imp o s s ib l e  to  is o l at e  the i r  exact imp ac t s . I t  do e s  rai s e  the p o s s i ­
b i l i ty , however ,  that the demand for indus t r i a l  energy may b e  e l a s t i c  
i n  the long run . 

Many o f  the e ff i c i ency fac tors  ob s e rved in the p as t  have reached 
"ma tur ity" and may b e  s omewha t  l e s s  important dur ing the proj ect ion 
p e r i o d . Examp l e s  are ( a )  decreas ing oppo rtun i t i e s  to achi eve add i ­
t ional econom i e s  o f  s ca l e  and (b ) s h i ft ing towards purchas e d  .e l e ctr i ­
c i ty from s e l f - generat ion . The re  are a l s o  s aturation l eve l s  beyond 
whi ch the s ub s t i tut ions among ene r gy , cap i tal  and l abor  are no t t en ­
ab l e . Whe n  t he s e l imi t a t i on s  are comb ined with newly evo lving trends 
towards l e s s  e f f i c i ent app l i cat ion of energy - - e . g . , the us e of ener ­
gy fo r po l lu t i o n  cont r o l  and the rap i d  growth o f  energy int ens ive 
i ndus t r i e s - - the ne t e ffect  i s  a cons iderab l e  mo de rat ion in the trend 
towards mor e  e f fi c i ent emp l oyment of indu s t r i al energy . 

As  a final cons i derat ion , i t  i s  ne ce s s ary to as s e s s  the po s s ib l e  
impact  o f  ene r gy c o s t s  on  t h e  demand for indus trial  product s .  Sub ­
s t an t i a l l y  h i ghe r ene r gy co s t s  woul d  encourage the consump t ion o f  
produ c t s  o f  r e l at ive ly l ow energy cont ent . F o r  examp l e , wo o d  p roduc t s  
woul d  g a in re l at ively to  p l a s t i c s  o r  aluminum . S ince indus t r i a l  
commo d i t i e s  on b a l ance h ave l arger energy cont ent s than mo s t  s e r ­
v i ce s , h i gh e r  energy cos t s  woul d  a l s o  encourage the consump t ion o f  
s e rv i c e s  r e l a t ive to  the purch a s e  o f  goods . Both o f  t he s e  s h i f t s  in 
marke t  preference woul d  tend to decre a s e  net  ene r gy requirement s .  
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I n  s ummary , i t  i s  e s t imat e d  that part o f  the h i s torical  t rend 
t oward mo re  e ff i c i ent consump t i o n  of indus t r i a l  energy w i l l  cont inue 
in the future . Add i t i onal incent ive for e f f i c i ency would be  provided 
if the r e l at ive co s t  of energy we re to  r i s e  s i gnifi cant l y . The e cono ­
metr i c  mo d e l  has indicated that indu s t r i a l  energy demand wi l l  b e  affe c t e d  
b y  s eve r a l  fac t o r s , e sp e c i a l ly b y  the p r i c e s  o f  indus t r i a l  l ab o r  and 
c ap i t a l  g o o ds , in addit ion to t he four maj o r  factors  that we re  s e l e c t e d  
for s ens i t iv i ty analy s i s . Othe r factors  have b een taken into account 
by the int e rme d i a t e  case  even though they have not b e en g iven var i ant 
a s s ump t ions for h i gh and low c a s e s . One qua l i fi cat i on should be no t e d  
re garding t h e  re l i ab i l i ty o f  econome t r i c  mo d e l ing as a device  for 
measur ing demand e l a s t i c i ty ,  b a s e d  on p a s t  data . When end - us e  and 
p r i c e  are r e gu l ated by gove rnment , a cal cul ated p r i c e  e l a s t i c i ty woul d  
no t b e  r e l i ab l e . Natura l  gas , i n  part i cu l ar , has been under al l o c a t i o n  
to  s ome d e g r e e  f o r  s eve ral years . T h i s  i s  one reason f o r  wo rk ing with 
total  ene r gy demand . 

Tab l e  7 in the Summary and Tab l e  1 7  in thi s chapter  show the 
Task Group ' s  e s t imat e s  o f  the independen t e ffects  of e ach of four 
parame t e r s  on indu s t r i al ene rgy demand, a s s uming that the o the r p aram ­
e t e r s  rema in con s t ant . The d i f ferenc e s  in demand gPow t h  Pa tes b e -
twe en h i gh and l ow c a s e s  are s hown in Tab l e  1 7 , fo r the a s s umed r ang e s  
o f  e ach parame t e r , and the s ame var i a t i ons ar e tran s l ated into quad­
r i l l ion BTU ' s  in Tab l e  7 .  The cons ensus e s t imate o f  demand/price  
� l as t i c i ty and o ther  e l a s t i c i t i e s  can be  readily  cal culated from Tab l e  1 7 .  

TABLE 1 7  

I N DUSTRIAL DEMAND SENSITIVITY (PER CENT) 
TO PARAMETR I C  VARIATION 

Parametric Range 

Economic Growth Rate ( Real GNP) 
( I n itial Appraisal = +  4.2%) 

+4.4% 
+3.2% 

Cost of Energy Trend - %/Yr. 
( I n itial Appraisal - No Change) 

-0.3%/Yr. 
+2.7%/Yr. 

Popu lation G rowth 
( In itial Appraisal = + 1 . 1 %/Yr.)  

+ 1 .3% 
+ 1 .0% 

Environmental Controls 
H igher Standards 
Lower Standards 
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Change in E nergy Growth 
Rates From the I ntermediate Case 

(Rate of 2.9 percent) 

1 970-1980 

+0. 1 6  
-0.7 

0 
-0.5 

+0. 1 
-0. 1  

+0.4 
-0.2 

1 970-1985 

+0. 1 6  
-0.7 

+0.1 
-0.6 

+0. 1  
-0.1 

+0.5 
-0.2 



Transpor t at ion Ene rgy D emand 

The trans p o rtat ion s e ctor  has been a favo r i t e  targ e t  for s cheme s 
aimed a t  cons erving ene rgy . Mo s t  consumers  are e sp e c i a l ly l avi s h  
i n  us ing ene r gy for pr ivate transportat i on b e c au s e  they have l arge  
inve s tment s in  the i r  vehi c l e s ; therefore , the  incremental co s t  p e r  
mi l e  i s  sma l l  fo r automob i l e  trave l r e l at ive t o  mas s trans i t . Fur th e r ­
mo r e , the p r ivat e  car gene ra l ly i s  much more  conven i ent . I t  i s  e a s y  
to  p o int to  fue l  s avings opportun it i e s : " doub l ing - up "  ( two o r  three 
in  a car r athe r t han j us t  the dr ive r ) , wa lking , b i cycl ing , u s ing 
s ma l l er c ar s , us ing mas s  tran s i t  and so fo rth . But it is mo re  d i f ­
f i cu l t  t o  evaluate the corre sponding l o s s e s to  the e conomy and t o  
consumer s at i s fact ion . 

B e cau s e  o f  the fact that o i l  supp l i e s  approximately 9 5  p e r cent 
of the ene r gy u s e d  in the transportat ion s e ct o r , a s p e c i a l  s tudy o f  
the many p o s s ib i l i t i e s  for e conomi z ing o n  fue l  for t ransportat ion 
was  made by the Oil  D emand Task Group at the  r e qu e s t  of  the  Energy 
D emand Task G roup . 

The fo l lowing we re cons idered to  be  s ome o f  the mo re imp o r t an t  
po s s ib i l i t i e s  for demand reduc t i on : 

• Shi ft p as s engers  from p r ivate car s  to  bus e s  

• C ons t ruct and rehab i l i t a t e  r a i l  mas s tran s i t  faci l i t i e s 

• Increas e automob i l e  o c cup ancy 

• Increa s e  fue l  c o s t s  

• T ax p r ivate c ar p ro duc t i on b y  we i gh t  o r  ho r s epowe r 

• P ar t i a l  b an on automob i l e  traffic in c ent r a l  c i t i e s  

• Hi gher to l l s  o n  b r i d g e s , tunne l s  and highways i n  central 
c i t i e s  

• Improve automob i l e  e ff i c i ency 

• Imp rove freight di s tr ibut i on sys t ems 

• Ra i s e  l o ad factors for a i r  trave l 

• Introduce a i r  f l i ght s chedul ing e ff i c i enc i e s  

• Modern i z e  o l der a i rp o r t s  . .  

The e s t imat e d  r ange  o f  reductions in t r an sp o rt at ion s e c t o r  de ­
mand (as  comp ar e d  with the I n i t i a l  Apprai s al )  deve loped by the O i l  
D emand Task Group ar e s hown i n  Tab l e  1 8 .  

The Ene r gy Demand T as k  Group a l s o  con s i de r e d  a l l  o f  the s e  p o s s i ­
b i l i t i e s  but fe l t  that many o f  them woul d  no t b e  t o t a l ly e ffect ive , 
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TABLE 18 

POTENTIAL REDUCTI ONS IN TRANSPORTATI ON SECTOR ENE RGY DEMAND 
VERSUS I N ITIAL APPRAISAL PROJECTI ONS 

I ncreased Car Pool ing 

Smal ler Cars 

Fewer Cars per Capita 

Less Driving 

I ncreased Mass Transit 

I mproved Airl ine Schedules 

Representative Range of Overall Reduction Achievable 

* Thousand barrels per day equivalent. 

1975 

225/425 

325/1 ,290 

Ranges* 

1980 

350/700 

380/1 ,520 

85/175 

1985 

240/970 

450/900 

1 ,000/2 ,1 00 

600/1 ,500 

430/1 ,7 1 0  

1 20/240 

2,600/4,000 

pract i c a l  o r  po l i t ic a l ly real is t ic ,  except under emergency condi ­
t ions . 

The only good  emp i r i ca l  evi dence on whi ch to  b a s e  op inions re ­
garding fue l  s av ings  po s s ib i l i t i e s  was the Nat ion ' s  exper ience with 
gaso l ine rat ioning dur ing Wo r l d  War I I .  Thi s  was an extreme emer ­
g ency ; neverthe l e s s , the gas o l ine s avings were  no t remarkab l e  and 
they we re  partly  the r e s u l t s  o f  s ho r t ag e s  o f  cars and t ir e s  and 
fue l  d i s t r ibution prob l ems . In the low energy demand p roj e c t ion , 
however , the fue l  s avings that m i ght r e s u l t  from l arger  p ropo rt ions 
of sma l l , e conomy cars on the r o ad were t ak en into account i n  t he 
e f f i c i ency imp rovement factor  a s  we l l  a s  sma l l  reduct ion s  in dr iving 
m i l eage . 

For  the p e ace -t ime cond i t ions as s umed by thi s energy s tudy , the 
s ame four parame t e r s  were used  for vari ante ana lys i s  of each compon­
ent o f  the t ransportat ion s e ct o r . 

I n  the f i r s t  parame t r i c  analys i s , fue l  consump t ion ( dur ing an 
h i s to r i ca l  p e r i o d )  was corr e l a t e d  with approp riate  e conomic growth 
s e r i e s  for each end - u s e  mark e t . The s t a t i s t ical  r e l a t ionships are 
s hown in Tab l e  1 9 .  

The r e g re s s i on coeffic ients i n  Tab l e  1 9  we re u s e d  for gui dance 
in proj e c t in g  demand s ens i t ivi t i e s  into the future but they were 
mo d i f i ed whe r e  there was evidence of b ias o r  change i n  condi t ions . 
Perhap s the mo s t  s i gn i f i c ant adj us tment was a reduct ion o f  the 
average h i ghway c o e f f i c i ent from 0 . 7 5 to  0 . 5 0 in order to  e l iminate 
tho s e  influenc e s  that wer e  b e l i eved to have b i ased  the h i s to r i cal 
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TABLE 19 

COR R ELATIONS OF TRANSPORTATION E N E RGY DEMAND WITH 
ECONOMIC GROWTH 

E nd-Use Economic Growth Series Regression Coefficient* 

H ighway 
(Weight = 7 3%) 

Passenger Car Gasol ine (5 1 %) 
Commercial Gasoline ( 1 3%) 
Highway Diesel, etc. (9%) 

Average H ighway Use 

Aviation Fuels 
(Weight = 1 8%) 

Aviation Gaso l ine ( 1 %) 
Naphtha Jet ( 1 %) 
Kerosine ( 1 6%) 

(Commercial Jet) 

Average Aviation Use 

Rai lroad Distil late 
(Weight = 3%) 

Vessel Bunkers 
(Weight = 3%) 

Pipel ine Fuel 
(Weight = 3%) 

Average Transportation (Weighted) 

Personal D isposab le I ncome 
F R B  I ndex 
Real GNP 

Personal Disposable I ncome 
No significant measure 
Personal D isposable 

I ncome 

Real GNP 

F R B  I ndex 

Real GNP 

* Percentage change i n  demand associated with 1 percent change in  economic growth. 

0.85 
0 .29 
0.85 

0.75 

0 .85 
0 

0 .85 

0.80 

0.40 

0.65 

0.30 

0.7 

re l at ionship - - influenc e s  such a s  the excep t ional ly l arge movement 
o f  popul at ion to the suburb s and the increased  g a s o l ine demand r e ­
sul t in g  from p o l lut i on contr o l  dev i ce s on cars . With such adj us t ­
men t s  the t o t a l  transp o r tat ion demand/ income e l as t i c i ty was mod i ­
f i e d  to about 0 . 5 p e r cent for e ach 1 percent change in real  income 
or r e a l  GNP . 

The e ff e c t s  o f  fue l  co s t s  on  tr ansportation  demand coul d no t 
b e  me asured  s t a t i s t i c a l ly be caus e fue l i s  a r e l at ive ly sma l l  p o r tion  
of  t o t a l  t rave l  co s t  and there  are many o ther we i ghty influen�es  
a t  work , such as  l o cat ion  of  home and j ob ,  vacat ion p l ans , typ e  
o f  car , etc . G as o l in e  and o i l  account for only about one - fourth 
of the t o t a l  co s t  o f  owning and operat ing a car but thi s is an 
out - o f - po ck e t  and h i gh ly v i s ib l e co s t , so i t  p robab ly contribute s  
t o  a n  ind ividual ' s  de c i s ion r e garding s i z e  and k ind o f  car t o  b e  
pur chas ed even though i t  may no t great ly affect m i l e age dr iven . 

The parame t r i c  var i at i on e s t imat e s  o f  the co s t  (or p r i c e )  e f ­
fect , the r e fore , had t o  b e  b a s e d  pr imar i ly o n  exp e r i ence and j udg ­
ment . I t  was fe l t  that the accuracy was imp roved by s tudy ing the 
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many comp onent s o f  the transportat ion mark e t  individua l ly .  In this  
way , the  analys t could  c a l l  on  the expe r t i s e  o f  marke t er s  in e ach 
f i e l d . 

The chang ing propo r t i ons o f  e conomy cars in the t o t a l  car pop ­
u l a t ion  i s  a fac t o r  o f  s uch imp o r t ance that i t  could no t b e  i gnored . 
S ince i t  i s  an e ff i c i ency fact o r , i t  was inc luded in the " co s t  o f  
ene r gy - e ff i c i ency" parame ter even though e conomy car s a l e s  are re ­
spon s ive to  t o t a l  dr iving co s t s  as we l l  as to fue l co s t . Each Task 
-Group memb e r  deve l oped h i s  own e s t imat e s  of the numb e r s  o f  e conomy 
cars on the r o ad . Al though concepts  o f  " e conomy" or " sma l l "  cars 
d i ffer cons iderab l y , the di fferenc e s  in numb ers  are gene ral l y  o ff s e t  
b y  var i an c e s  in uni t  consump t ion . The O i l  Demand T a s k  Group , for 
examp l e , divided the 1 9 7 0  car popul at ion into 13 mi l l ion  smal l cars and 
7 7  m i l l i on s t andard cars . In the I n i t i a l  Appra i s al , the 1 9 8 5  car 
popul a t i o n  wou l d  b e  made up of 5 0  mi l l ion sma l l  cars and 9 0  mi l l ion 
s t andard s . The low demand c a s e  woul d  have 7 0  mil l ion sma l l  cars 
and 7 0  m i l l ion s t andards . 

The u s e  o f  " e conomy" and " s t andard" catego r i e s  i s  me r e l y  a con ­
veni ent way o f  deal ing w�th a car populat ion that , in fact , range s 
cont inuou s l y  from the smal l e s t  compact to the heav i e s t  luxury car . 
A s im i l ar r e su�t was obt a ined by us ing a b ro ader defin i t ion for 
" e conomy" cars and a h i gher gc;tl l ons - p e r - m i l e  consump t ion fo r that 
c at e go ry . According to  this  d e f in i t ion , there we re  2 5  mi l l ion 
e conomy cars and 6 5  m i l l ion s t andards in 1 9 7 0 , consuming 5 0 0  and 
7 7 0 g a l l on s  o f  g a s o l ine per  car p e r  year respective l y . F o r  the 
interme d i at e  c as e , .the s e  numb e r s  incr e a s e d  to  6 0  mi l l ion  e conomy 
cars  and 7 6  m i l l i on s t andards in 1 9 8 5 .  Unde r l ow demand cas e con­
d i t ions , with  s harply h i gher fue l  and o i l  co s t s , exp ens ive ant i - po l lu ­
t ion e qu i pment and many o the r incr e a s e s  in dr iving co s t s , t h e  numb er 
of  e conomy cars  on - the - road were  e s t imated to rise  to 80  mi l l i on . 
Thi s  cas e woul d  reduce the. p a s s enger car consump t ion g rowth rate  by 
a lmo s t  0 . 5 p e r c ent p e r  year , whi ch i s  about the s ame as would be  
ob t a ined u s ing the o ther  c l a s s i f i cat ion o f  cars . 

Re ferr ing again t o  Tab l e  1 9 , i t  i s  app arent that a - 0 . 5  p e rcent 
po int change in the growth rate  for pas s enger car consump t ion i s  
e qu iva l ent t o  a - 0 . 2 5 p ercent change fo r t o t a l  transp o r t a t ion energy . 
Imp rovement s in automob i l e , a ircraft  and commer c i a l  veh i c l e  e ffi ­
c i e nc i e s  ( a s  a r e s u l t  o f  h i gher co s t s )  and mino r reduct ions in mil eage 
wou l d  incr e a s e  the s e  ene r gy s avings s omewhat . 

The indep endent e ffec t s · o f a change in the popu l a t i on growth 
as s ump t i on from C e nsus S e r i e s  D to C or E we re no t cons idered  to b e  
very l ar g e  be c au s e  chi ldren born dur ing the 1 9 7 0 - 1 9 8 5  p e r i o d  woul d  
no t r e ach dr iving a g e  dur ing the p e r i o d . I n  s everal r e s p e c t s , thi s 
fact o r  could have an imp act . A h i gher  b i rthrate , for examp l e , t ends 
to p romo t e  fas ter  mi grat ion to the s uburb s b e caus e o f  the need for 
more l iving space and suburban l iving is a s s o c iated w i th mo r e  dr iving 
m i l e ag e . 

It  was f e l t that the r e  wa s l i ttle  po s s ib i l i ty that ant i - pol lution 
r e gul a t ions for  t ransp o r t a t ion i ndu s t r i e s  would b e come mo r e  l en i ent 
and r educe energy consump t ion s i gn i f i cant ly . (The t e rm "mo r e  l enient" 

5 2  



me ans r e l a t ive to  the I n i t i a l  App r a i s a l  p ro j e c t i on . ) I n  contras t ,  a 
wide var i a t ion i s  l ik e l y  in the d i r e c t i o n  o f  mo re s evere ant i - po l lut i o n  
s t andards , s ince the s e  s tandards have alre ady b een l e g i s l at e d . The r e  
was a cons iderab l e  d i fference o f  opinion within  the Task Group r e ­
garding the imp a c t  o f  mo re severe environmental contro l s  o n  p as s enge r 
car consump t ion o f  fue l . A s tudy by one memb e r , the f indings o f  whi ch 
are s ummar i z ed i n  Tab l e  1 1 , concluded that the po t en t i a l  inc r e a s e  
i n  automo t ive fue l  consump t ion resul t ing from s evere emi s s i on contro l 
s tandards woul d b e  o f f s e t  by techno l o g i cal improvements in eng ine 
des i gn .  The o ther members  we re  no t so op t imi s t i c , as  indicated  by 
the Task Group cons ensus s hown on Tab l e  2 0  and Tab l e  8 (page 2 0) .  
No t e  that s evere envi ronmental  s tandards ( i . e . , the h i gh demand 
cas e )  would incre a s e transportation energy demand by 5 . 3  p e rc ent 
ab ove the intermediate  cas e in 1 9 8 5 , according to  the cons ensus . 

TABLE 20 

TRANSPORTATI ON DEMAN D  SENSITIVITY (PERCE NT) 
TO PARAMETR I C  VAR I ATI ON 

Parametric Range 

Economic G rowth Rate ( Real GNP) 
( I nitial Appraisal = + 4.2%) 

+ 4.4% 
+ 3.2% 

Cost of Energy Trend - %/Yr. 
( I nitial Appraisal - No Change) 

- 0 .2%/Yr. 
+ 1 .5%/Yr. 

Population Growth 
( I nitial Appraisal = +  1 . 1 %/Yr.) 

+ 1 .3% 
+ 1 .0% 

Environmental Controls 
H igher Standards 
Lower Standards 

E l e c t r i c  Ut i l i ty Demand fo r Ene rgy 

Change in E nergy Growth 
Rates From the I ntermediate Case 

(Rate of 3.7 percent) 

1 970-1980 

+0.1 2  
-0.4 

0 
-0.3 

+0. 1  
-0. 1 

+0.3 
-0. 1  

1 970-1985 

+0.1  
-0.4 

0 
-0.4 

+0.1  
-0. 1  

+0.4 
-0.1  

The e l ectr i c  ut i l i ty us e of fue l s  and conve rs ion lo s s e s  w i l l  
vary with the demand f o r  e l e c tr i c i ty by the o ther s ectors  and wi th 
the ut i l i ty heat  rate . The Energy Demand Task Group Repo rt  ( 1 9 7 2 )  
di s cus s e d  the out l o o k  for the s e  i tems under intermed i a t e  c a s e  as ­
s ump t i ons , s umma r i z ing the p ro j ect i ons a s  s hown in Tab l e  2 1 . 

The Task  Group cons �nsus on energy demand s ens i t iv i ty in this  
( conve r s ion and transmi s s i on 1o s s )  s e c t o r  i s  s hown on T ab l e  2 2  and 
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( 1 )  
E lectric 
Utility 
I nput* 

1 970 1 6,695 

1 97 5  23,525 

1 980 32,996 

1 985 44,363 

TABLE 21 

E L ECTRI C  UTI LITIES' ENERGY INPUT AND KWH SALES 
( I n  Trill ion BTU Equivalents) 

Sales by Sector 

(2) (3) 
Conversion E lectric Residential 
and Other Util ity and 

Losses+ Sales=!= Commercial Transportation 

1 1 ,639 5 ,056 2 .7 67 3 1  

1 6,234 7 ,29 1 4,094 43 

22 ,776 1 0,220 5 ,720 67 

30,1 62 14,201 7 ,830 1 1 7 

I ndustry 
and 

Other 

2 ,258 

3 , 1 54 
4,433 

6,254 

* BTU content of fossil-fuel inputs plus hydro and nuclear power in  fossil -fuel equivalents. 
t I ncludes a// l ine losses and util ity use. I n  the I nitial Appraisal (Volume I I ) ,  the footnote to Table 1 erroneously stated that 

"conversion, transmission and distribution l osses are shown under the electricity conversion category." I n  fact, the 
distribution losses are in the consumption figures for the i ndividual consuming sectors. The transmission loss part of column (2) 
above varies from 3 percent to 5 percent. The somewhat erratic estimates of transmission losses resu lted from the method 
used to assemble the figu res. The projections by consuming sector are not on the same basis as the Bureau of Mines' historical 
data because the Bureau pro-rates both transmission and distribution losses to the consuming sectors. However, the E nergy 
Demand Task Group Report of 1 972 (Appendix C, Table 23) incorrectly interpreted the Bureau of Mines' historical data by 

sector to exclude transmission losses. 
:J: The KWH sales converted at 1 00 percent efficiency, i.e., @ 3,4 1 2  BTU's per KWH. 

TABLE 22 

SENSITIVITY OF E N E RGY USE FOR E LECTR ICITY CONVE RSION 
AND TRANSMISSION (PERCENT) 

TO PARAMETR IC VAR IATION 

Change in E nergy Growth 
R ates From the I ntermediate Case 

(Rate of 6.6 percent) 

Parametric Range 

Economic Growth Rate ( Real GNP) 
( In itial Appraisal = +  4.2%/Yr. ) 

+ 4.4% 
+ 3.2% 

Cost of Energy Trend - %/Yr. 
( I nitial Appraisal - No Change) 

- 0.3%/Yr. 
+ 2.7%/Yr. 

Population Growth 
( I nitial Appraisal = +  1 . 1 %/Yr.) 

+ 1 .3% 
+ 1 .0% 

Environmental Controls 
H igher Standards 
Lower Standards 

5 4  

.1970-1980 

+0.2 
- 1 .2 

+0. 1  
-0.4 

+0.1 
0 

+0.4 
-0.2 

1970-1985 

+0.2 
- 1 .2 

+0. 1  
-0.7 

+0. 1  
0 

+0.5 
-0.2 



Tab l e  9 (page 2 3 ) . Thi s  s e ctor  i s  eitima ted to  b e  the mo s t  s ens i t ive 
to the econom i c  growth parame ter - - show ing an e l a s t i c i ty s l i gh t ly 
ab ove uni ty . S ince ut i l i ty fue l requirement s  have exp anded at a 
much fas t e r  rate  than real  GNP , desp i t e  a l ong - t erm decl ining trend 
in the heat rate , i t  i s  conc luded that the di ffe rence is a resul t 
o f  the dec l ining c o s t  o f  e l e ctr i c i ty p lus consumer propens i ty to  
us e mo re  power b ecaus e o f  i t s  conven i ence and the  ava i l ab i l i ty of  
many new app l i anc e s . 

The e l as t i c i ty o f  fue l  consump t i on to c o s t  o f  fue l  i s  qui t e  
sma l l  up to  1 9 8 0  but , f o r  t h e  l onger t e rm ,  t h e  respons e to  co s t  i s  
e s t ima t e d  t o  b e c ome l arger . The change woul d  r e f l e c t  the po t ential  
ins t a l l at ion of  new sys t ems tha� wou l d  reduce the  heat  rate and 
transmi s s ion l o s s e s . Higher fue l c o s t s  are expected  to acc e l erate 
such imp rovements . 

Environment a l  contro l s  are exp e c t e d  to add s i gnif icant ly to  
the energy r e quirements for  e l ec tr i c i ty generat ing l o s s e s . Part o f  
t h e  add i t i ons woul d  ar i s e  from de sul fur i z ing fue l s  o r  c l eaning s t ack 
emi s s i ons o r  contro l l ing was t e  heat, and part would be  a r e s ul t of 
greater  s al e s  to  cus tome r s . The l a t t e r  typ e of increas e is i l lus ­
trated  by Tab l e  2 3  wh ich s hows the findings o f  an Edi s on E l ec t r i c  
I ns t i tute 1 9 7 1  s urvey to determine add i t i onal powe r requirements 
by ut i l i t i e s ' indus t r i a l  cus tomers  r e s u l t ing from po l lut ion contro l 
me asure s .  The add i t i onal power requirements  would fall  in the in­
dus t r i a l  s e c t o r , but the generat ing l o s s e s  woul d  be  in the e l ectric  
conver s ion s e c to r . The s e  proce s s e s have b e en shown in greater de ­
t a i l  in Tab l e  1 1 .  

�on - Energy and Mi s c e l l aneous Markets  

A pro j ec t i on o f  fue l  consump t ion in this  s ec t o r  i s  s hown in 
Tab l e  2 4 , in o rder to  i l lus trate the  r e l a t ive importance o f  the 
var i ous components . 

I n  Tab l e  2 4 , the larg e s t  e l ement s  are the o i l  and gas comp onents 
of the chemical  s ec t o r  and the o i l  comp onent of the raw ma t e r i a l  
t o t a l . The s e  wi l l  b e  analy z e d  in s ome de t a i l be low .  O the r comp o ­
nents are o f  l e s s  s i gn i f i c anc e . Coal  u s e d  in the chemical  indus try 
cons i s t s  o f  Qy - pr o ducts  in the carboni z a t i on o f  c o a l  at high t emp ­
eratur e s  in s l o t - typ e coke ovens . The s e  by - p roduc t s  y i e l d  a numb er 
of chemi c a l s  or chemical  mixture s ,  the mo s t  imp o r tant be ing aroma t i c s . 
Becaus e o f  the i r  by - product nature , the coal  feeds tock vo lume i s  un ­
l ikely to  b e  r e spons ive to p r i c e  change s .  I t  i s  p ro j ected  to grow , 
l ike coal  consump t i on , at l e s s  than the rate for energy as a who l e . 
The natural gas  component o f  the raw mater i a l s  s ec tor cons i s t s of 
gas  us e d  in manufac tur ing c arbon b l ack . Th i s  i s  proj ected  to de ­
c l ine s ub s tant i a l ly due to  dec l in ing gas  ava i l ab i l i ty and r i s ing gas 
p r i c e s . O i l  is a l ik e ly s ub s t i tut e . The una l loca t e d  o i l  c omponent , 
in the abs ence o f  s p ec i fi c a t i on o f  end us e s , i s  predicted  to  grow 
app roxima t e l y  with GNP , exc ept for mino r e l ements which are expected 
to  cont inue a t  cons t ant l eve l s . 
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V1 I 0\ 

Customers' 
1970 Annual 

Use (000 KWH) 

1 839055 
2 1 45740 

1 37001 
1 97720 
1 90 1 92 

309 1 35 1  
891 340 
1 1 3079 

443445 1 
1 370232 
1 96 1 300 
2 1 9619  
1 62260* 

5273 
N R ":  

1 007307 

Total 1 7603660 

* Not included in Total 

TABLE 23 

F I RST RESU LTS OF EDISON ELECTRIC INSTITUTE (EEl )  SURVEY OF MEMBER COMPANI ES 
ON ELECTRICAL REQUI REMENTS OF LARGE-USE CUSTOMERS 

KW 

8800 
1 3000 
201 5  
3950 

20895 
37300 

N R  

8 1 5  
1 00593 

1 2275 
27900 

1 795 
N R  
N R  
N R  
6494 

235832 

FOR POLLUTION CONTROL AND ENVI RONMENTAL ENHANCEMENT 

Electricity Used for Environmental I mprovement 
1970 1972 

(000) (000) 
KWH KW KWH --

21 840 1 0300 23840 
76700 49750E 205700E 

7250 1 880E 6650E 
8400 6750 18000 

67952 21 41 8E' 70268E 
301 800 55000 441800 
354920 N R  354920E 

3022 862E 3062E 
407392 1 4 1 62 1 E  7 1 0938E 

6000 65500 33000 
1 76850 5 1 550 282800 

7338 2320E 9403E 
N R  N R  N R  
1 265 N R  1 265E 

20000 N R  20000E 
31090 1 9 1 0 1  1 1 0 1 96 

1471819 426052 2271842 
8.4% 12 .9% 

Major Environments I nvolved 

Air-Water 

Air-Water 
Air-Water 
Air-Water 
Air-Water 

Air-Water 
Air-Water 
Air-Water 

Air-Water 

Air-Water 
Air-Water 
Air-Water 
Air-Water 
Air-Water 

Air 
Air-Water-Noise 
Visual 

Sol id Waste 

Landscape 

Noise 

Source: Responses to su rvey from 16 E E l  Member Companies. 

Processes or Products 
I nvolved 

Paper 

Chemical 
Primary Metals 

Petrol eum & Coal 

Stone, C lay & G lass 

Sewage Treatment 

Fabricated Metals 

Food & Kindred 
Transportation 

Electric Machinery 

Waste Recycle 

Ordnance 

Rubber Products 

F urniture & F ixtures 

Mach inery Except Electric 

Note: In a sampling of E E l  member companies, 85 different manufacturers which purchase electricity from 16 electric util ity companies were fround to be using annually 
1 ,471 ,81 9,000 KWH exclusively for pollution control or environmental enhancement. These KWH represent 8.4 percent of the total annual electrical 
requirements of these 85 customers. In the future, these customers expect to be using 2,271 ,842,000 KWH/year strictly for environmental considerations 
which would be 1 2.9 percent of their present annual electrical requirements. · 



TABL E  24 

TOTAL U.S. CONSUMPTrON 
OF NON-ENERGY AND MISCELLANEOUS 

(Trillion BTU's) 

1 970 1 975 1 980 1 985 

Chemicals 
Oi l  1 ,369 1 ,952 2,624 3,452 
Natural Gas 880 1 ,240 1 ,576 1 ,945 
Coal 1 57 1 74 1 92 2 1 2  

Total 2,406 3,366 4,392 5,609 

Raw Materials 
Oi l  1 ,556 1 ,835 2, 1 6 1  2,539 
Natural Gas 89 72 52  26 

Total 1 ,645 1 ,907 2,213 2,565 

Unal located 
Oi l  567 723 799 852 

Total Non-Energy and Miscellaneous 4,618 5,996 7,404 9,026 

P e t ro chem i c a l  feeds tocks , in acco rdanc e with current c l as s i f i ­
c a t i o n  procedure , a r e  defined t o  include feeds tocks o r i g inat ing in 
gas proc e s s ing p l ant s (Natural gas l i qu i ds [NG L ] ) as we l l  as in the 
p e tr o l eum indus t ry proper . The typ e and quant i ty of product u s e d  
for p e trochemica l feeds tocks h i s to r i c a l ly h a s  been s omewhat respon­
s ive to s ho r t - run chang e s  in feeds tock p r i c e s , with chemi c a l  c omp a ­
n i e s  s h i f t ing i n t o  and out o f  t he e t hane - p ropane market as c o s t s  
have dictat e d . Ther e  i s  reason to exp ec t  that such respons ivene s s  
wi l l  continue . F o r  examp l e : 

• Raw mat e r i a l s  are a r i s ing p e rcentage o f  chemi c a l s  manu ­
fac tur ing c o s t s  due to ( 1 )  rap i dly r i s ing c o s t  o f  l i ght 
hydroc arbons ( C z - C 4 ) ,  ( 2 )  greater  ec onomi e s  o f  s ca l e  in 
proc e s s i ng and ( 3 )  the p romi s e  o f  improved te chno l o gy 
( ca talys t s , e t c . )  which s hould r e duce the c ap i tal  c o s t s  
o f  chemical  manufac tur e .  

• S ince dome s t i c chemicals  are in p r i c e  comp e t i t ion with 
impo r t s , h i gher feedstock c o s t s  would t end to  dec r e a s e  
chem i c a l  exp o r t s  and increas e impo r t s . Thi s  i n  turn 
would d i r e c t i ona l ly reduc e dome s t i c feeds tock requirement s . 

• P e tro chem i c a l  end - us e  produc t s  are , to  a sub s t ant i a l  
ext ent , s ub s t i tutes  f o r  mat e r i a l s  l ike woo d , g l as s , me tal , 
e t c . 

• H i gher f e e ds t o ck cos t s  mi ght p romo t e  the recyc l ing o f  
chemi c al s , thus t ending t o  l ower feeds tock requirement s .  
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The s upp ly/ demand out look  imp l i e s  a r e l a t ive s h i f t  from l i ght 
toward heavy feeds tocks in the 1 9 7 0 - 1 9 8 5  period  and a l e s s  r ap i d  
overal l g rowth rate i n  feeds tock demand a s  hi gher c o s t s  o f  fe e d ­
s tocks are  r e f l e c t e d  i n  hi gher p r i c e s  and s l owe r growth fo r end - us e  
produc t s , s uch a s  po lyethyl ene and po lypropyl ene . 

The gas  c omponent o f  the chemicals  s e ctor  cons i s t s o f  gas  fe e d ­
s tocks fo r the produc t i on o f  ammoni a ( 6 0  perc ent o f  the methane ­
der ived chemi ca l s ) and a numb e r  o f  o ther chemi cal s ,  the mo s t  impo r ­
tant o f  whi ch are ure a , methano l and acetyl ene . S ince ammon i a  i s  
us ed very l argely i n  the produc t i o n  o f  fe r t i l i z e rs , increa s e s  in 
the p r i c e  of gas  fe eds tocks might be  expected  to hamp er the growth 
in demand fo r fert i l i z e rs . B ecaus e o f  l ack o f  suitab l e  sub s t i tutes , 
howeve r , p r i c e  e l a s t i c i ty i s  l ike ly to be  l ow . 

The l a s t  important comp onent in the proj e c t i on i s  the o i l  used  
fo r '�aw mat e r i a l s : ' Almo s t  8 8  p e rcent of  this  component i s  account e d  
fo r b y  lub r i ca t ing o i l  and a s ph a l t / road o i l , t h e  o ther s i gn i fi c ant 
i t ems b e ing wax ( 2  p e rc en t )  and p e tro l eum coke ( 1 0  p e rcent)  used  
p r imar i ly by  the  aluminum i ndus try for  e l ec trode s . 

Lub r i c a t ing o i l s  are produc ed from crude o i l  through comp l ex 
r e f in ing s equenc e s . Demand fo r lub e s  in the Uni t e d  S ta t e s  has been 
growing a t  about 2 perce�t p e r  year . I t  app ears to be  r e l a t ively 
ins ens i t ive to p r i c e  changes  b e caus e o f  the lack o f  suitab l e  s ub s t i ­
tut e s . Synthe t i c  lub e s  are  us e d  only in app l icat ions that require 
s p e c i f i c  prop e r t i e s  no t ava i l ab l e  in crude bas e d  lub e s  and s upply 
about 1 p e rcent of the t o ta l  lube demand . Raw mat e r i al c o s t  ( c rude 
o i l )  repres ents a rel atively sma l l  part of the total c o s t  of  produc ­
ing lube s . The maj o r  portion  o f  the c o s t s  can b e  a t t r ibut e d  to  
proc e s s ing , a dd i t ive s , pac$aging and handl ing . As  an examp l e , only 
about 2 p erc ent of the p r i c e  a consumer pays to have a quart of mo ­
t o r  o i l  put into h i s  automo b i l e  can be  attributed to  the c o s t  o f  
c rude t o  the re fine r . 

Revi ew o f  pas t lub e  demand p erformance indic ates  that demand 
has b e en h i ghly dependent on indus trial  output and automob i l e  us e .  
Dur i ng one p e r i o d  ( 1 9 5 1 - 1 9 6 2 ) , who l e s a l e  lube p r i c e s  fluc tuated plus 
and minus 2 5  percent about the averag e , whi l e  lub e  demand cont inued 
i t s  gradual inc reas e .  

The conc lus ions reached here  are that ( 1 )  demand for lub e s  i s  
rel a t ively ine l a s t ic when r e l a t e d  t o  c rude p r i c e s , ( 2 )  there i s  
l i t t l e  s ub s t i tutab i l i ty for p e t r o l eum lub e s  due t o  the i r  unique prop ­
e rt i e s , and ( 3 )  there i s  a h i gh correlat ion b e tween lub e  demand and 
e conom i c  g rowth . 

Aspha l t  demand has b e en growing at about 4 p ercent per year . 
I n  1 9 7 0 , 7 9  p ercent o f  the a s pha l t  us e d  in the Uni t e d  S tate�  was 
u s e d  fo r road p aving , 1 2  p e r c ent for roo fing produc t s  and 9 p ercent 
fo r s p e c i a l ty produc t s . 

Bas ed on 1 9 7 2  p r i c e s , a spha l t  fo r road p aving had l i t t l e  
po t ent i a l  comp e t i t i on . P o r t l and c ement i s  the only o ther widely 
used road paving mat er i a l , but co s t  compar i s on of aspha l t  and 
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Portland c ement paving on a laid  down bas i s  in 1 9 7 2  for a comparab l e  
road s hows that aspha l t  woul d  have t o  c o s t  the road bu i l der about 
two and a ha l f  t imes the 1 9 7 2  co s t  b e fore  the p aving cos ts wou l d  
be  equa l . Howeve r , Portland cement i s  required  by s ome hi ghway con ­
s truc t i o n  c o d e s . For  c ertain app l icat ions , such as patching and 
re surfacing , paving aspha l t  has been us ed a lmo s t  exclus ive ly . 

· About 1 2  p e rc ent o f  the total co s t  o f  p aving , re surfac ing , and 
pa tching roads ( exc luding r i ght - o f -way , des i gn and eng ineer ing , land 
c l ear ing , and s truc ture cos t s ) could be attributed to the aspha l t  
i t s e l f .  Labo r ,  equ ipment , s and , grave l , e t c . , comp r i s e  the rema in­
ing parts  of the total  co s t .  Mo s t  road p aving i s  paid  for by t ax 
supported  gove rnment ag enc i e s  and , i f  i t  were as sumed that the s e  
agenc i e s  are o n  fixed budge t s , s harp ly hi gher co s t s for paving could 
result in l e s s  paving , e . g . , a 1 0 0 - p erc ent increase  in aspha l t  c o s t  
could l e ad to  a 1 2 - p e rc ent increas e i n  paving ·  c o s t s  and potent i a l ly 
an 1 1  perc ent l ower demand for aspha l t  road p aving . 

Wo o d , s l a t e , t i l e , aluminum , e tc . , in addi t i on to  aspha l t , are 
used as roo f i ng mat e r i a l s  but are much mo re  cos t ly on an ins t a l l e d  
bas i s  than aspha l t  roofing . Asphal t repr e s ents  3 0  to 5 0  p e r c ent o f  
the c o s t  o f  making aspha l t  roo fing . Howeve r ,  when included i n  the 
total  co s t  of bui l ding cons truc t ion , the co s t  o f  the aspha l t  used  
in  the  roof  i s  no t large . Demand for roo fing asphalt  i s  c l o s e ly 
t i ed to bu i l d ing cons truc iton trends and probab ly w i l l  no t vary 
s i gnifi can t ly with changes in price . 

The p r e c e ding conc lus ions on e l a s t i c i t i e s  in the non - energy 
s e ctor  are fai rly cons i s t ent with the Task Group cons ensus s hown in 
Tab l e  2 5 .  ( The vo lume effe c t s  app eared in Tab l e  1 0 ,  page 2 5 . )  
Thi s  compo s i t e  i l lustra t e s  that inc ome (or  GNP ) e l a s t i c i ty i s  r e la ­
t ively high - - i . e . , almo s t  uni ty - -wh i l e  demand - p r i c e  e l a s t i c i ty i s  
low .  L i t t l e  var i ab i l i ty i n  this  s e ctor  i s  expected  to result  from 
popul a t i on chang e s  dur ing the next 1 5  years , and prac t i c al ly no im­
pact is ant i c ipated  from environmental  contro l s . 

Effects  o f  Chang ing Envi ronmental S t andards 

Analy s e s  of new pro grams des i gned to  pur ify the Na t i on ' s  a i r  
and wa ter  and d i spo s e  o f  s o l i d  was t e s  have indicated that s uch pro ­
grams a lmo s t  invar i ably  require  addi t i onal energy , at l ea s t  in the 
early s t ages  of deve lopment . Although the re  are e s t ima t e s  of do l l ar 
c o s t s  fo r improving the environment ,  there  are no genera l ly accepted  
e s t imat e s  of  the  t o t a l  imp act on  ene rgy demand . The refore , a first  
app roxima tion  of  the s e  energy requ i r ement s  were deve l op e d  under two 
di fferent ca s e s a s  s hown in Tab l e  1 1  on page 2 7 .  Note ' that the 
energy requ i r ement s  in co lumn ( 2 )  mus t  b e  added to co lumn ( 1 )  in 
o rder to obtain  the c a s e  fo r more s tr i c t  environmental s t andards . 

I t  wa s no t e d  previous ly that di fferent tr ends in techno l o gy and 
, consumer p r e f e r enc e could mo dify s everal o f  the catego r i e s  in this  
. tab l e , e s p e c i a l ly aut omob i l e  emi s s ion contro l s , but the total  p i c ­

tur e i s  re garded a s  the b e s t  ava i l ab l e . 
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TABLE 25 

NON-E N E R GY DEMAND SENSITIVITY (PERCE NT) 
TO PARAMETRIC VAR IATION 

Parametric Range 

Economic Growth Rate ( Real G N P) 
( I n itial Appraisal = +  4.2%) 

+ 4.4% 
+ 3.2% 

Cost of E nergy Trends - %/Yr. 
( I n itial Appraisal - No Change) 

- 0 .3%/Yr. 
+ 2 .7%/Yr. 

Population Growth Rate 
( I n itial Appraisal = + 1 . 1 %/Yr.) 

+ 1 .3% 
+ 1 .0% 

Environmental Controls 
H igher Standards 
Lower Standards 

Change in E nergy Growth 
Rates From I nitial Appraisal 

(Rate of 5.4 percent) 

1970-1980 

+0. 1 6  
-0.7 

0 
-0.3 

+0.1 
-0. 1  

0 
0 

1970-1985 

+0. 1 6  
-0.7 

0 
-0.3 

+0. 1  
-0. 1  

0 
0 

The energy requi rements fo r s ewage and s o l i d wa s t e  treatment 
were part icularly d i f f i cul t to e s t ima te . The s e  were bas ed on the 
was te d i s po s a l  exp e r i enc e of s everal repres ent at ive commun i t i e s  and 
c i t i e s , exp anded to cover the e s t ima ted total  popul at ion in the 
years  1 9 8 0  and 1 9 8 5 . Cons ideration was given to  EPA s t andards and 
po s s i b l e  imp rovement s in was t e  d i s po s a l te chno l o gy . In  addi t i on to 
the l o ca l  exp e r i enc e , us e ful data were obtained from EPA hearing s . 
The fo l l owing r e fe r en c e s  a l s o  were helpful : 

• So l i d  Was te Manage m e n t �  U . S .  Office o f  S c i ence and Tech ­
no l o gy .  

• Te c h ni ca l - Econom i c  S tu dy of So l i d  Was t e  Di sp o s a l  Ne e ds a nd 
Pra c ti c e s � U . S .  Department o f  Heal th , Educ a t ion and We l fare . 

• Th e Ec onomi c s  o f  Urb a n  Sewage Disp o s a l �  Paul B .  Downing . 
Th i s  book inc lud e s  a cas e s tudy o f  the Ma di s on ,  Wi s cons in 
s ewag e  sys t em .  
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Chap t e r  Two 

DEMAND PROJE CT IONS FROM 1 9 8 5  to 2 0 0 0  

Al th ough p ro j e ct i ons o f  ene rgy demand 3 0  years in advance mus t 
b e  extreme ly spe culat ive , they may provide a framework for p o l i cy 
de t e rmin a t i on b a s e d  on b ro ad as s ump t i ons r e l at ive to certain e co ­
nomi c ,  p o l i t i c a l  and t e chno l o g i c a l  even ts . With in th i s  framewo rk , 
the ene rgy demand p roj ect i on w i l l  app ear as a range of pos s ib i l i ­
t i e s , e ach d i f fe r ing in accor dance w i th b as i c  a s s ump tions and im­
p l i c a t i ons . I n  o r der to provide a manag e ab le s et o f  condi t i ons , 
the fo l lowing b road a s s ump t i ons were e s t ab l i shed for the p er i o d  b e ­
twe en 1 9 7 2  and th e year 2 0 0 0 : ( 1 )  there wi l l  b e  no maj o r  wars , 
wo r l dwide dep re s s i ons o r  other catas trophe s ;  and ( 2 )  there wi l l  b e  
n o  s ub s t an t i a l  interrup t i ons i n  trade among nat ions , p ar t i cular ly 
with respect  t o  the int ernat i onal f l ow o f  fue ls . *  

The fo l l owing are areas o f  e s p e c i a l ly great uncertainty : new 
dis cove r i e s  o f  o i l  and gas , uranium an d o ther res ource s ; t e chno ­
log i cal b r e akthroughs , s uch as po s s ib l e deve lopment of fas t b r e e der 
reactors ; e conomi c growth ; and p o l i t i cal  atti tude s on envi ronment a l  
contro l s . 

The Task G roup cont inued to use the cons ensus o f  a "p an e l  o f  
exp e r t s "  as the b as i c  method for ext ending ene rgy demand p ro j e c ­
t i ons b eyond 1 9 8 5  t o  the year 2 0 0 0 . F o r  this  more dis tant t ime ­
frame , h oweve r , the inf luences  o f  the caus a l  fac tors  are s ta t e d  in 
qua l i tat ive te rms , rathe r th an quan t i t a t ive ly , b e caus e of the very 
s p e culat ive n ature o f  the p rob l em . Th e spread b e twe en h i gh and low 
deman d cas e s  in the year 2 0 0 0  was de termined app roximat e ly by the 
range o f  the Task  Group memb e rs ' e s t imat e s . Th i s  me thod , of cours e ,  
t ends to narrow the range from h i gh t o  l ow ,  r e l a t ive to the method 
us e d  for the 1 9 7 0 - 1 9 8 5  p e r i o d . For th i s  reas on , the growth r at e s  
for th e h i gh and l ow p roj e c t ions we re  c a l culated f o r  t h e  ent ire  
3 0 - year p e r i o d .  

P r i o r  t o  s ubmi t t ing proj e c t i ons , the p an e l  memb ers  di s cus s e d  
th e l ik e ly e conomi c ,  s o c i a l  and p o l i t i ca l  trends o f  the future and 
reach e d  agre ement on many b ackground a s s ump t i ons for the 1 9 8 5 - 2 0 0 0  

. p e r i o d .  H aving a s s ume d that there  w i l l  b e  no catas troph e s  o f  the 
typ e th at would be l ik e ly to  rais e the b i rthrate , the Task Group 
s e le ct e d  the U . S .  Bureau o f  the Cens us ' S e r i e s  X as rep r e s entat ive 
of demo g r ap h i c  condi t i ons b e tween 1 9 8 5  and 2 0 0 0 . t  The a s s ump t i ons 

* The Arab o i l  emb argo of 1 9 7 3/ 1 9 7 4 , wh i ch o c curred s ince com­
p l e t i on of this  s tudy , may s i gn i f i can t ly affe ct the proj ect ions 
b as e d  on tho s e  a s s ump t i ons ; howeve r ,  the long- term imp ac t  i s  s t i l l  
un cert a in . 

t Bure au o f  the C ensus , U . S .  Department o f  Commerce , Bur e a u  
of Ce n s us Pop u l a t i o n  Seri e s �  P - 2 5 , No . 4 8 0  (Ap r i l  1 9 7 2 ) - - hereafter 
re ferred t o  as C ensus S e r i e s  X .  
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b eh ind th i s  s e r i e s  are : ( 1 )  the future ave rage numb e r  o f  ch i l dren 
p e r  1 , 0 0 0  women at the end o f  the ir  ch i l dbearing age wi l l  gr adua l ly 
de c l ine to 2 , 1 1 0 , wh i ch i s  the "rep l ac ement l eve l ; "  and ( 2 )  net  
immigrat ion wi l l  amount to 4 0 0 , 0 0 0  per year . The  popul ation fore ­
cas t for the year 2 0 0 0 , b a s e d  on th e s e  as s ump t i ons , i s  shown in 
T ab l e 2 6 . 

TABLE 26 

POPULATION PROJECTION TO TH E YEAR 2000 

1 960 

1 965 

1 970 

Projections 

1 985 ( I n itial Appraisal) 

2000 

Population 
In Thousands 

1 80.7 

1 94.2 

204.8 

240.2 

27 1 . 1 

Average Annual 
Percent Change 

Period Percent 

1 960-1 965 1 .4 

1 965 -1 970 1 . 1 

1 970-1 985 1 . 1 

1 985-2000 0.7 

Th e p opul a t i on trend has s p e c i a l  s i gn i f i c ance for energy demand 
p r o j e c t i ons to the year 2 0 0 0  and b eyon d .  In the interme d iate case 
men t i oned ab ove , the ave rage age o f  the populat ion wi l l  b e  increas ­
ing r e l a t i ve ly fas t - - i t wi l l  increase  from an ave rage age o f  ·2 7 . 9  
in 1 9 7 0  to 3 0 . 0  in 1 9 8 5  and to  3 3 . 1  in the year 2 0 0 0 - - and th e age 
dis t r ibut ion of the popul a t i on wi l l  ch ange cons i derab ly ,  i . e . , in 
2 0 0 0  the re wi l l  be fewer p e op l e  in the 0 - 2 4 age group s  and many 
mo re p e op l e  in th e 3 0 - 5 9  age group s  (re l at ive t o  the 1 9 7 0 p at tern) , 
as i l lus trated by F i gure 1 .  I t  i s  s i gn i f i cant that the age group s  
that are exp anding rap i dly a r e  tho s e  that typ i ca l l y  have h i gher  i n ­
come s , h i gher  ski l l s  ( r e l ative to the average ) and us ua l ly a r e  i n  
th e " h e a d  o f  hous eho l d" category . Thus , the p opulation o f  the year 
2 0 0 0  wi l l  have the characte r i s t i cs of h i gh e r  ave rage age , h i gher 
l eve l s  o f  e ducat i on and greater productivity . The e s t imated 
s ma l l er s i z e  of fam i ly s ug g e s t s  that the Nat i on wi l l  spend r e l a ­
t ive ly l e s s  o n  e l ement ary educat ion and mo re on h i gher  e ducat ion . 

Th e ave rage o f  the p ane l ' s  e s t imat e s  for e conomi c growth ( real  
GNP ) i s  3 . 7 p e r c ent per  year for the ent ire  1 9 7 0 - 2 0 0 0  p e r i o d , con ­
s i s t ing o f  4 . 2 p e r cent for 1 9 7 0 - 1 9 8 5  and 3 . 2  p e r cent on the ave rage 
for 1 9 8 5 - 2 0 0 0 . Th es e rep r e s ent the interme diate cas e . The in ­
dividual e s t imat e s  for the 3 0 - ye ar p er i o d  range d  from 3 . 8 percent 
down to  3 . 5 p e rcent . 
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1 5  1 0  

MALE 

5 

1 970 

0 
PER C E NT 

5 1 0  

AGE 

1 5  1 5  1 0  5 

2000 

0 
PE RCENT 

FEMALE 

5 1 0  1 5  

F i gur e 1 .  Perc entage D i s tr ibution o f  the Popul a t i on by Age and S ex . 

The methods us e d  by the indivi dual p ane l memb e rs for p roj e ct ­
ing GNP were rather s imi l ar . Start ing with the s ame demo graphic  
pro j e c t ion ( i . e . , C ensus . S e r i e s  X ,  w i th 4 0 0 , 0 0 0  p e r  year imi grat ion) , 
the l ab o r  force p art i c ip at ion rate  was e s t ima t e d .  The l at t e r , o f  
cours e , i s  the r e s u l t  o f  confl i ct ing trends s uch as growing p a r ­
t i c ipat i on b y  women , l onger p e r i o ds o f  e ducat i on , e ar l i er r e t i re ­
ment s , p art i al re t i rements , e t c . During the 1 9 8 5 - 2 0 0 0  p er i o d ,  the 
l ab o r  force w i l l  p rob ab ly in�re a s e  s omewhat fas ter  than p opulation . 
I t  was as s ume d t hat the unemp l oyment ratio  wi l l  b e  b e low the 1 9 7 0  
l eve l ,  b ut this  wou l d  mak e l i t t l e  difference ove r s uch a long . t ime 
span . 

P e rh ap s  the fac t o r  with the great es t uncertainty in th i s  cal ­
cul at i on i s  the rate o f  produc t i v i ty imp rovement .  I t  i s  gene r a l ly 
agre e d  that p r o duct ivity in s e rv i ce indus t r i e s  is  lower than in al l 
indus try and tha t  s e rvi ces  wi l l  grow more rap i dly than o ther indus ­
tri e s . Th ere i s  con s i derab le deb a te , however , regarding the out ­
l o ok for  pr oduc t ivi ty improvemen t in s ervi c e s . The e s t imat e s  us e d  
here  g en e r a l ly t ake a mi ddle ground i n  this  con troversy . 

The findings o f  the NPC Supp ly Task Group s  show that th e U . S .  
energy avai l ab i l i ty could range from almo s t  comp l ete  dome s t i c  s e l f ­
s uffi c i ency t o  a very much greater  dep endence o n  Middle Eas t o i l . 
But the i r  conc l us ions a l s o  c l e arly in dicate th at indus try effor t s  
to  s at i s fy deman d  wi l l  b e come increas ingly more difficu l t  and 
co s t ly .  The r e fo re , the Energy Demand T ask Group factored the s e  
co s t  cons iderat i ons into i t s  s e l e c t i on o f  h igh , low an d inte rme d i ­
ate cas e s . 
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B as e d  on as s ump t i ons s uch as tho s e  de s cr ib e d  ab ove , the t o t a l  
deman d .fo r ene rgy was e s t imat e d  to be  2 0 0  quadr i l l i on BTU ' s  i n  the 
y e ar 2 0 0 0 , comp ared  wi th 6 8  quadr i l l i on in 1 9 7 0 . Th e round numb er 
for  demand in 2 0 0 0  i s  indi cat ive o f  th e de gree o f  con f i dence ; how­
eve r , the var i ance i s  sp e c i fi e d  to  range from a h i gh of 2 1 5  quadri l ­
l i on BTU ' s  down t o  1 7 0  in that year , as s hown in Tab l e  2 7  an d 
F i gure 2 .  The ini t i a l  p ro j ect ions o f  the p ane l memb e rs  were a 
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TABLE 27 

PROJECTI ONS O F  TOTAL U.S. E N E RGY CONSUMPTION 

Energy Consumption Growth Rate 
(Quadrillion BTU's) (Percent) 

Actual 
1 970 2000 1 970-2000 

High Case 2 1 5  3.9 

I ntermediate Case 67.8 200 3.7 

Low Case 1 7 0  3 . 1  

LEGEND 

HIGH CASE 

BASE CASE 

LOW CASE 

1 960 1 970 1 985 2000 

YEAR 

F i gure 2 .  T o t a l  U . S .  Energy Consump t ion Proj e c t i on - ­
Var i a t ions on the Bas e Case . 
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l i t t l e  h i gh e r  than the fina l cons ensus f i gure s  but they b e came more 
p e s s imi s t i c  as the out look for ene rgy s upp ly de teriorate d .  I n  th i s  
s ens e ,  th e p roj ect ions o f  con s ump t ion are s upp ly - l imi t e d .  A s  a 
cons e quen c e , a s ub s tan t i a l  imp rovemen t in efficiency o f  energy ut i l -
i z at i on i s  e xp e c ted . 

· 

Th e b re ak downs o f  the inte rme diate  case proj ect ion by con s um ­
i n g  s e ctor app e ar i n  Tab l e 2 8 . 

In  de s cr ib ing the p ro fi l e  o f  the 1 9 8 5 - 2 0 0 0  p e r i o d , s eve ral  
characte r i s t i cs have a l re ady b e en di s cus s e d - - e . g . , the l owe r rate  
o f  popu l a t i on g r owth and sma l l e r  fami l i e s , the s l owe r e conomi c 
growth , the mo r e  s ervic e - or i ented  economy , the higher c o s t  o f  
energy and impro vement i n  effic i ency o f  us e .  I ncreas ing p e r c entage 
of ap artment dwe l l ings and/ or townhous e s , smal ler  cars and greater 
us e o f  ma s s  trans i t  are predi c t e d . 

TABLE 28 

U.S. E N E R GY CONSUMPTION ESTI MATES BY CONSUMI NG SECTOR ­
I NTERMEDIATE CASE 

(Quadril l ion BTU's) 

I nitial Appraisal 

Sector 1 970 1 985 2000 

Residential/Commercial 1 5 .8 26 .6 36 

I ndustrial 20. 1  30.9 46 

Transportation 1 6.3 28.3 38 

Non-Energy & Miscel laneous 4 . 1  8.9 1 5  

E lectricity Conversion *  1 1 .6 30.2 65 

Total 67.8 1 24.9 200 

Average Annual Percent Change in Total E nergy Consumption 

Sector 1 970-1985 1 985-2000 1 970-2000 

Residential/Commercial 3.6 2 .0 2 .8 

I ndustrial 2 .9 2.7 2 .8 

Transportation 3.7 2 .0 2 .9 

Non-Energy & Miscel laneous 5.4 3.5 4.4 

E lectricity Conversion 6.6 5 .2 5 .9 

Total 4.2 3.2 3.7 

* This category is total generating and transmission losses. The actual consumption of electricity is 
included in the appropriate consuming sector, assuming 3,4 1 2  BTU's per ki lowatt hour. 
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Ano ther ve ry s i gn i f i cant deve l opment w i l l  b e  the eme rgence o f  
e l e ct r i c i ty a s  the dominant fo rm o f  ene rgy . By the year 2 0 0 0 ,  
energy requi remen ts fo r e l ec t r i c i ty wi l l  account for almo s t  h a l f  
th e p r imary fue l s  cons ume d v e rs u s  one - th i rd in 1 9 8 5  and one - quar ter  
in  1 9 7 0 . Dur ing th� 1 9 8 5 - 2n o o  p e r i o d , the  growth rate  for e l e c t r i c  
ut i l i ty fue l requirement s  i s  exp e c t e d  to  ave rage more than 5 p e r ­
cent p e r  year , wh i l e other ene rgy cons ump t i on w i l l  grow at l e s s  
th an 2 p e rcen t p e r  year . Th i s  h i gh rate o f  grow th for e l e c t r i c i ty 
wi l l  b e  s t imul ated b y  economi c factors ( i . e . , the cos ts o f  e l e c ­
t r i c i ty g enerat ed i n  nuc l ear power s tat ions are exp e c ted t o  in ­
crease  at a s l owe r rate  than fo s s i l - fue l cos t s )  and by changing 
l i fe - s ty l e s . Re l at ive ly mo re ap artmen ts and townhous e s  an d greater 
popul ation conc ent rat ions in th e mi l de r - c l ima te are as wi l l  b o l s ter  
e l e ctr i c a l  h e ating and a i r  condi t i on ing . A h i gh degree  o f  unce r ­
tain ty i s  as s o c i at e d  w i th the p roj e c t ions o f  e l e c t r i c i ty an d fue ls 
purchas e d  by in dus try . On e o f  the reas ons for this  i s  the p o s s i ­
b i l i ty th at nucl ear p ower p l ants may deve l op the cap ab i l i ty o f  
s upp lying proces s heat  e conomi c a l ly . 

The p ane l ' s  ave rage proj e c t i ons o f  e l e c t r i c i ty cons ump t i on in 
e ach maj o r  s e c t o r  are shown in Tab le 2 9 . The transportation out ­
look , o f  cours e ,  dep ends in p art  on the as s ump t i ons made reg arding 
the numb e r  o f  e l e c t r i c cars in use . 

TABLE 29 

E L ECTR I CI TY CONSUMPTION ,  BY MAR KET SECTOR 

Residential/Commercial 

I ndustrial 

Transportation 

Total 

Trill ion 
Kilowatt Hours 

1 985 2000 

2.30 5.23 

1 .83 4.05 

0.04 0. 1 6  

4.1 7  9.44 

6 6  

Average Annual 
Percent Growth 

5.7 

5.4 

9.7 

5.8 
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APPEND I X  D 

PROBABLE ENERGY SAVINGS RESULT I NG 
F ROM IMPROVED INSULAT I ON AND HEAT I NG P LANTS 

The U . S .  energy consump t i on trend , as  p ro j e c t e d  in the Na t i onal 
Pe tro l e um Counc i l ' s  Ini t i a l  App rai s a l , a s s umed a gradual improve ­
ment in ins ulat ion o f  bui l dings and e f f i c i ency o f  heating p l ants . 
I t  did  not  an t i c ip a t e  a rap i d  up gr ading o f  bui l d ing s t andards , 
higher energy c o s t s  and other incent ives to us e ener gy more  e ffi ­
c i ently . The propo s e d  imp rovements would contr ibut e to the p ub l i c  
heal th and comfo rt  and would reduce energy cons ump t i on , r e l at ive 
to th e int erme diate  cas e , wi thout detracting from the Na t i on ' s  
commi tmen ts to  e conomic growth , ful l  emp l oyment and c l e an envi ron ­
ment . 

, very few r e l i ab l e  data are avai l ab l e  re l a t ive to the ove ra l l  
condi t i ons o f  exis t ing s tructure s , s o  conc l us ions mus t b e  drawn 
from a vari e ty o f  e s t imat es and the oret i cal c a l cu l a t i ons adj us t e d  
i n  accordanc e wi th exp e c ta t ions o f  pub l i c  reaction t o  government 
po l i cy and h i gher  fue l cos t s . * F a i r ly prec i s e  calcul a t i ons c an 
b e  made r e g arding new bui l dings and dwe l l ing un i ts , but a t  any 
g iven t ime the s e  new uni ts repres ent only ab out 3 percent o f  the 
to t al in e x i s t ence . Th erefor e , the impact o f  new bui l d ing s tan ­
dards on ene rgy consump tion wi l l  show up mo s t ly in long - term bene ­
fits . 

Theo r e t ical ly , a 5 0 - percent s avings o f  heating fue l  could b e  
obt ained b y  ful l ins ul at ion o f  wal l s , c e i l ings , p ip e s  and duc ts , 
by we a the r s t r ipp ing and doub l e  g l a z ing - - re l a t ive to th e fue l  con ­
s ump t i on in a pr iva t e  horne wi thout thes e fea tures . Add i t i onal  
s avings c o u l d  be  made through b e t t er  adj us tments o f  burne rs  and 
therma l contro l s . Al though po t en t i a l  s avings in apar tments and 
commerc i a l  s t ruc tur es are l e s s , they are s t i l l  very s i gn i f i c an t . 
The ex i s t ing bui l d ings in th i s  country , on the average , have added 
many of the abovementioned features but th ey have ach i eved far l e s s  
than t h e  ful l po t en t i a l  e f fi c i ency . 

The maximum fue l  s avings are no t l ikely to b e  ach i eved b e caus e 
mo s t  o f  the mo t ivat i on w i l l  b e  financ i a l , and i t  i s  es t ima te d that 
max imum ins ul a t i on wou l d  no t be a rat ional cho i c e  fo r the average 
cons ume r , under the s t at e d  p r i ce as s ump t i ons . Even when c ap i ta l  
expend i tures  t o  s ave fue l are  wor thwh i l e , cons umers t e n d  t o  de l ay 
b ecaus e o f  ine r t i a  or l ack o f  info rma t ion . Fur the rmo re , new 
bui l d ing s frequen t ly are cons truc ted for sp ecul a t i o n  and , in s uch 

� The f o l l owing are us e ful s ourc e s  fo r da ta on exis ting and new 
bui l d ings : "Therma l Ins u l a t ion for Bui l dings , "  a repo r t  prepared 
by Fredr i ck O l s on for the Or gani z a t i on for Economic Cooperat ion  and 
Deve l opment ( ci r c a  1 9 7 0 ) ; s tudi e s  by the Sma l l  Homes Counc i l , 
Uni vers i ty o f  I l l ino i s  ( 1 9 6 5 - 1 9 7 2 ) ; U . S . C ensus S tudi e s  o f  Hous ing 
( 1 9 6 0 - 1 9 7 0 ) . 
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c a s e s , the bui l ders are l es s  l i kely to  add expens i ve equipment in 
o rder to improve ope rat ing e f f i c i ency . Such roadb l ocks to ach� eve ­
ment o f  the ful l effi c i ency po tential  are important in comme r c i al 
and indus t r i al cons truct i on , as we l l  as in home buil ding . 

In  addi t i on t o  the fue l  s avings and greater  comfor t  ob tainab l e  
by ins u la t i on , s i gn i fi cant effic i ency improvements are pos s ib l e  
through changes i n  bui l ding des i gn , b e t te r  heat ing/ coo l ing s ys tems 
and even by fr equent adj us tment o f  ex i s t ing burners and contro l s . 
The arch i t ec tura l  des i gn o f  suburb an s cho o l s , to ment ion one o f  
t h e  many examp l e s  o f  fue l was t e ,  s e ems t o  p l ac e  a l ow p r i o r i ty on 
the rma l e ffi c i ency . Fur thermore , operating effici ency could b e  
g r e a t ly imp rov e d ; for  examp le , -a cas e s tudy o f  one s cho o l  conc l uded 
tha t the re was a p o s s i b l e  fue l  s avings of 1 7  p e r cent j us t  through 
b e tt e r  the rmos t a t i c  contro l s . Th e quant i ta t j ve expres s ion of the s e  
s t atements i s  s ummar i z ed i n  Tab l e  3 1  a t  the end o f  this  App endix . 

HOUS I NG 

The l at e s t C ens us reports ind i cate th at the total  numb er o f  
dwe l l ing un i ts in t h e  Uni t ed S t a t e s  incre a s e d  dur i ng th e las t 
de cade from 5 8  mi l l ion to a lmo s t  6 8  mi l l ion dwe l ling uni t s , o r  a 
gain o f  1 6  p e rc ent . From th e s t andpo int o f  ener gy consump t i on , 
however , the b r e akdowns o f  the s e  t o ta l s  into typ es o f  dwe l l ing 
uni t s  are e s p e c i a l ly s i gn if ic ant . The b r e akdown s  shown in Tab l e  3 0  

TABLE 30 

U.S. HOUSING PATTERNS 
1 960-1970 

Change 
Suburbs 1960 1 970 (Percent) 

Multi-Unit Dwel l ings 2,674,1 62 5,244,350 96.1  

Single-Un it Dwel l ings 1 5, 1 79,739 1 7,793,206 1 7 .2 

Mobile H omes 334,031 673,1 96 1 01 .5 

Central Cities 

Multi-Unit Dwell ings 9,335 , 1 93 1 0,9 1 9 ,260 1 7 .0 

Single-Unit Dwel l ings 1 1 ,002.478 1 1 .47 1 ,239 4.3 

Mobile H omes 95,784 1 75 ,396 83.1  

U.S. Total 

Multi�Un it Dwel l ings 1 3,789,663 1 8,859,968 36.8 

Single-Unit Dwel l ings 43,758,556 46,900,548 7 .2 

Mobile Homes 766,565 1 ,847,326 1 41 .0 

Total 58,314,784 67,607,842 1 5.9 
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ind i ca t e  that the larges t  g a ins in ab s o lute  numb ers  h ave b e en ( 1 )  in 
apartmen t dwe l l ings and ( 2 )  in the s uburbs . The percentage ga ins 
for mob i l e homes we re very large but th ey are no t s o  impor tant in 
terms of numb e r s . 

The trends during the nex t de cade are expected to b e  rather 
s im i lar . From the po int o f  view o f  po tenti a l  s avings by ins u l at i on , 
T ab l e  3 0  indi cates  s eve ral o ffs e tt ing condi t ions . As a rul e , 
s ingl e - un i t  dwe l l ings have mo r e  po tential  fo r heat s avings ( re l a ­
t ive  t o  mul t i - un i t )  but i n  thi s  cas e , the b i g  growth i n  mul t i -
uni t  dwe l l ings has  b e en in the s uburb s where the garden ap artment 
is the typ i c al s t ruc tur e . Garden ap artments tend to have heat  
l o s s e s  app roac hing thos e o f  s ingle- uni t  dwe l l ings . Incident a l ly , 
mob i l e  homes us ua l ly have ext r eme ly h i gh heat lo s s e s and requ i re 
much g r e a t e r  a i r - cond i tioning r e l a t ive to s i z e , s o  there are oppor ­
tun i t i es for energy s aving s in thi s  cate gory . The po t en t i a l  vo lume , 
however , i s  r e la tive ly sma l l . 

Al though Tab l e  3 0  do e s  not indi cate s i z e and l o cation - - b o th 
o f  wh i ch have importan t  e ffec ts on heat l o s s - - i t  i s  known that 
the re  has b e en a shi ft of population toward the South where uni t 
ene rgy cons ump t i on i s  not qui te as h i gh . In  the 1 9 6 0 - 1 9 7 0  peri o d ,  
the dwe l l ing uni t s  became s omewhat larger . Current ly , howeve r , 
th er e are  c l ear indi cat i ons that new dwe l l ing uni ts are becoming 
s ma l l er on the average , adap t ing to  the sma l l e r  s i ze of fami l i e s . 

, In the Ini t i a l  Appr a i s al , i t  was as s umed that the l atter  trend 
would continue under the cond i t i ons of the C ens us S e r i e s  D .popul a ­
t i on pr o j e c tions . Fur the rmo r e , i t  was expected  th at ab out 5 0  per ­
c ent o f  the new dwe l l ings wou l d  b e  in mul t i - dwe l l ing s tructure s . 

QUANT I TAT IVE EST I MATE S 

I t  i s  impo s s i b l e  to accurately measure th e average improvement 
in h e a t ing / co o l ing e ffic i ency that has taken p l ace in the Na t i on ' s  
s t o c k  o f  bui l dings , but r eas onab l e  "o rder o f  magni tude"  calcul a ­
t ions can b e  ma de . Our bes t es t ima te indicates  that th e fue l  con ­
s ump t ion g rowth rate in this  s e c to r  prob ab ly was reduc ed by ab out 
0 . 5  p e r c ent per year during the pas t two decades as a res u l t  o f  
ins u l at i on and o ther  e f f i c i ency improvements , and a s im i l ar tr end 
was i ncluded in the energy demand proj e c t ion for th e Ini tial  
App r a i s a l  in the re s i dent i a l / commerc i a l  s e c to r ; The  fo l l owing 
par agraphs a t temp t to eva l uat e th e magni tude o f  addi ti onal energy 
s av ings tha t could b e  achi eved in a l ower demand ca s e . 

For  the exi s t ing s t ruc tur e s  dur ing the 1 9 7 0 - 1 9 8 5  p eri o d , i t  i s  
e s t imat e d  t ha t  there woul d  b e  addi t ional p o t ent i a l  s avings o f  about 
1 0  p e r c ent of heat ing/coo l ing ene rgy , o r  about 0 . 7 p ercent per year 
on the averag e , by us ing more insul at i on , s to rm windows and do ors , 
weather s tr ipp ing , e tc . , in home s and commer c i a l  and pub l i c buil dings , 
on the a s s ump t i on that real  energy co s t s  to consumer s  would  increas e .  

I t  was furth e r  con cl uded that new bui l d ings coul d be  des i gned 
to consume 2 0  pe rcent l e s s  energy than was a s s ume d for the Ini t i a l  
Appra i s a l - - p r emis e d  o n  hi gher co s t s  fo r energy . The s e  e s t imat e s  
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are very s imi l ar o f  th e po tent i a l  s avings that the OECD s tudy 
c a l culated for Europ e . Th e greater e f f i c i ency o f  new bui ldings 
woul d  b e  s low to s how an impact  on the ener gy marke t be caus e the 
numb er of new- un i t s  added e ach y ear equal on ly ab out 3 percent o f  
the t o t a l  numb e r  in exi s t ence . Thus , the annua l e ffect o f  improving 
new s t ruc ture s  wou l d  be a r educ t ion of heating / co o l ing ener gy growth 
rate  by 0 . 6  p e r cent per year . The e s t imated po t en t i a l  ener gy re ­
duc t i on at the e nd o f  1 5  years as a r e s u l t  o f  improving both  
ex i s t ing and new s t ruc tur es would be  nearly 20  percent o f  the 
hea t ing / co o l ing demand , or about 1 . 3  p e rc ent annual ly .  ( In c i denta l ly , 
the long - term demand e la s t i c i ty for th i s  fac tor migh t  ope rate  over 
a p er io d of 3 0  or 3 5  years in order to r eplace  a l l  exis t ing s t ruc ­
tur e s . )  Howeve r ,  i t  i s  do ub t ful that a s ub s t an t i a l  improvement 
in the e f f i c i ency o f  new buil dings has b egun ( in 1 9 7 2 )  . o r w i l l  b e ­
gin for s everal mo re  ye ars . 

In  addi tion  to the measures dis cus s e d in the preceding para ­
graphs , the r e  ar e l arge  potential  s avings by means o f  impr ovemen ts 
in current h e a t i ng and coo l ing sys tems as we l l  as mo re e ff i c i ent 
h e a t ing / c o o l i ng s yst ems in new bui l dings through improved t e chno l ­
o gy ,  given adequate inc ent ives . Such s avings by improved equipment 
·and sys t ems are  e s t ima t e d  at 0 .  5 p e rcent per  year . 

TABLE 31 

E NE RGY CONSERVATI ON 
R ES U LTI NG FROM GRADUAL I NCR EASES I N  E N ERGY COSTS 

I N  THE R ESI DENTIAL/COMME RCIAL SECTOR 
(PERCENT) 

Demand Growth Rate R eduction Versus I ntermediate 
Case for Heating/Cool ing Only 

Insu lation Etc. 

Old B u i ld i ngs 
New Bu i ldings 

I mproved Systems 

Total Heating/Cooling Reductions 

Estimated Potential 
Reduction 

0.7 
0.6 

0.5 

1 .8 

Effect on Total R esidential/Commercial Growth Rate of 3.6 percent 

( i .e . ,  1 .8 mu ltipl ied by 67 percent) 1 .2 

I ntermed iate Case Energy Savings 

Annual .  Percent R esidential/Commercial 0.5 

Total Annual Savings - Residential/Commercial 1 .7 
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Low-Case 
Consensus 

0.6 

0.5 
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S ince he a t ing/ coo l ing usage  i s  app roximately  6 7  p e rcent o f  the 
t o t a l  r e s i dent i a l / commer c i a l  energy consump t ion , the max imum re ­
spons e to  gradua l co s t  incr ea s e s  in this  s e ctor  wou l d  be  a reduc t i on 
in the energy / demand growth rate  o f  0 . 6 7 t ime s 1 . 3  percent + 0 . 5  
p e r c ent , o r  1 . 2  p e r c ent p e r  year , inc lud ing mino r effects  in wat er  
heat ing , l i gh t ing , etc . The Ta s k  Group cons ensus exp e c t e d  a l e s s er 
r e spons e fo r var i ous reas on s . Ac co rding to  the cons ensus , an inc r e a s e  
i n  t h e  co s t  o f  energy to r e s i dent i a l / c ommerc ia l  consume rs  over the 
next 1 5  years t o t a l l ing 2 5  p e r c ent , or 1 . 5 p ercent p e r  y ear , woul d 
s t imul a t e  effic i ency imp rovements  that woul d  reduc e demand by 0 . 6  
p e r c ent p e r  year , r e l a t ive to  the int ermediate  ca s e .  Thi s  e l a s t i c i ty 
r e l a t i onship was us e d  for the l ow energy demand c a s e  ( s e e  Tab l e  3 1 )  
which s ummar i z e s  the findings d i s cus s ed above . 

The demand var iance ( in th i s  s e c to r )  as s o c iated wi th th e h i gh 
c a s e  i s  e s t ima ted to be much sma l l er o r  non - ex i s tent . No t only 
i s  th e as s ume d p r i c e  dev i a t ion cons ide rably sma l l e r , but a l s o  the 
e l as t i c i ty to  p r i ce reduc t ions p robably i s  l e s s . Afte r a l ong 
h i s t o ry o f  imp rov ing s tandards fo r ins u la ti on and other bui lding 
s p e c i f i c a t i ons , the pub l i c  is no t l ik e ly to b e come mo r e  was t e fu l  
o f  energy e s p e c i al ly whi l e  th e Federal Government i s  upgra ding 
i t s  s t andar ds . 
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APPEND I X  E 

AN E C ONOMETRI C MODEL OF  RES I DENT IAL DEMAND 

In  comp i l ing i t s  parame tri c s tudi e s  o f  demand , the Ener gy D e ­
mand Tas k Group h a s  a t t emp t ed t o  analy z e  th e e ffects o f  p r i ce on 
energy demand , espec ially  s i nce the e ffe ct of p r i c e  is o f  cons i d ­
erab l e  impor tanc e i n  an e r a  o f  imp ending ener gy s hortages . Thi s  
ana lys i s  l ooks  s p ec i f i ca l ly at re s i dent i a l  ene rgy demand wi th the 
v i ew o f  e s t ima t ing pr i c e  e l a s t i c i ty of a l l  ene rgy forms us ed in 
t he hous e ho l d . 

Some exc ep t ion may be  taken to the fact that demand for � l e c ­
t r i c a l  ene rgy f o r  o ther than home he ating purpos es i s  l ump e d  into 
t o t a l  demand for all hous eho ld uses , the o ther ma j or component 
b e i ng home heat ing . I t  could be  argue d , and probab ly cor r e c t ly s o , 
that cons umer pre fer enc e s  for home app l i ance e l e c tr i c i ty are l i ke ly 
to have ent i r e ly d i fferent charac teri s t i c s  from pre ferences fo r 
home heat ing . 

G iv en the s cope o f  the Task Group ' s  e ffo r t , whi ch inc l ude d ·  
s ep arate  analys es o f  the four ma j o r energy demand s e ctors - - res i ­
den t i a l / comme r c i a l , indus t r i a l , transpo r tation , and ut i l i t i e s - ­
and th e r e l a t ive ly sma l l  amount o f  t ime a l l o cated  for each , e cono ­
me t r i c  mode l in g  had to b e  s ui tab ly t a i l o r e d  to the broader , more 
immedi a t e  needs o f  the Task Group ' s  effo r t . 

This mo de l o f  res i dent i a l  ene rgy demand do e s  no t attemp t to 
d i s cr imina te b e tween hous eho l ds ' r e l a t ive preferences among energy 
us e s , nor among their  po�s ib l e  pre ferences for energy fo rms (wi th 
the excep t i on o f  coal ) . Rather  than b eg inning w i th a mbre g eneral  
s p e c i f icat ion of  a consump t i on func tion and budg et cons traint , 
quan t i ty demanded i s  s imp ly de eme d to be  a l inear func t i on o f  
s everal independent var i ab l e s  whi ch wou ld b e  l o g i cal candi dates for 
inc lus i on in a mo re  r i gorous ly deve loped hous eho l d  pre ference 
func t ion . 

This App endix i s  organ i z e d  in the fo l l owing manne r :  Sect ion I 
revi ews the r e s u l t s  o f  the demand mo del and s ome o f  the imp l i cations 
o f  thes e resul t s , S e c t i on I I  provides a mo re  detai l e d  exp l anat i on 
o f  the mo de l i ts e l f ,  whi l e  Sect ion I I I  conc ludes w i th s ugge s t i ons 
for furth�r res earch . 

SECT I ON I - -A BRI EF SUMMARY O F  THE DEMAND MODEL AND A 
SUMMARY OF  RESULTS 

The p rimary a im of this  s tudy i s  to provide s ome bas i s  fo r 
e s t imat ing p r i c e  e l as t i c i ty . The mode l i s  re l a t ively e ffe c t ive 
in ach i eving th i s  purpo s e . The demand fo r energy in the re s i dent i a l  
s e c to r  o n  a p er hous eho l d  bas i s  was fo und to b e  ine l as t i c  a t  current 
p r i c e s , but for p r i ces S O  percent h i gher , the demand curve approaches 
uni tary e l as t i c i ty . 
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The demand equa t ion was e s t imated us ing the two - s tage  l e as t  
s quares t echni que . I n  i ts f ina l fo rm , quant i ty demande d ( in terms 
o f  hundreds o f  BTU ' s  per  hous eho l d )  was hypo the s i zed  to b e  a l inear 
func t ion o f  pr i c e , the ra t i o  of fue l  burne rs  to coa l s tokers , degree 
days , and two dummy var i ab le s : one fo r th e war years , the o ther 
for years of rap i d  infl ation . The homo geneous product includes 
contributi ons of o i l , natura l gas and e l e c t r i c i ty ,  but exc l uded 
coal . Th e p e r i o d  of  the s tudy covers  36  years - - 1 9 3 5 to 1 9 7 0 . 

her e . 
The hypo thes e s  re l at ing to e ach var i ab l e  are b r i e fly ind i cated 

Pr i c e : The inve r s e  r e l a t i onship b e tween quant i ty demanded 
and p r i c e  i s , o f  cou�s e ,  th e demand func t ion . I t  i s  exp e c t e d  that 
as p r i ces fa l l , quan t i ty demanded w i l l  increas e ,  o ther th ings b e ing 
equal , and vi ce vers a .  

As i s  o f ten the cas e , th e mos t  r e adily ( i f  not the only)  
ava i l ab l e  da ta is  in terms o f  average pri ces , a l though it  is  mar ­
g inal p r i c es whi ch would rep res ent the p roper behavi oral  va r i ab l e . 
Tha t  marg i na l  and ave rage prices  are  no t the s ame in thi s  marke t 
i s  qui t e  c l ear from the preva l enc e o f  the b l ock rate pric ing 
s truc ture , where  the s upply price  fal l s  by d i s cre te s t ep s  over 
l arger  and l arger  quanti t i es . The que s t i on o f  suitab i l i ty o f  
averag e  pr i ce i s  bas i cal ly a b ehavi oral  one , r e l a t ing to the info r ­
mat i o n  eas i ly ava i l ab l e  (and used)  b y  the cons umer . 

In  gener a l , i t  is  probab ly fair  to s ay that consumers ' a t t i tudes 
ar e much more l i k e ly to  be  affected by info rma tion app ear ing on 
the i r  fue l  and e l ec t r i c i ty b i l l s , and th i s  informat i on i s  mos t 
readi ly trans l a t e d  into average  p r i c e s . 

The c al cul a t i on o f  ene rgy p r i c e  cons i s t e d  o f  converting fos s i l  
fue l s  and e l ec tr i c i ty into BTU ' s  and dividing this t o t a l  annua l  
figure i n t o  to t a l  revenues of gas a n d  e l e c t r i c  ut i l i t i e s  p l us r eve ­
nue s  from s a l e s  o f  fue l o i l and di s t i l l a te for e ach year o f  th e 
p er i o d  covered in the s tudy . Thi s  info rma t i on i s  readi ly ava i l ab l e  
i n  th e Ame r i can Gas As s o c i at i on ' s  Gas Fac ts , the Edi s on E l e c tr i c 
Ins ti tut e ' s  S ta t i s tic a l  Yearb o o k  and the Interior  Depar tment ' s  
Mi n era l Yearb o o k . Rea l  prices  were then' found bx defl a t ing the 
s e r ie s  by the con s umer p r i c e  index . 

The p r i c e  s e r i e s  whi ch re s u l t e d  indicates  the s trong down - tr end 
of ener gy p r i c e s  re l at ive to the g eneral  consume r p r i ce i ndex . Ove r 
the p e r i o d  encomp ass ed in the s tudy , r e a l  p r i ces paid by hous eho l ds 
dr opp e d  by roughly 7 5  p ercent . Whe r e  the general inf l a t ionary trend 
was l ow , as in the decade of the 1 95 0 ' s ,  the real  p r i c e  of energy 
was r e l a t ively s t ab l e , dropp ing by 8 percent . In th e 1 9 6 0 ' s , how ­
eve r , wi th the h i gh in f l a t i onary rate  experi enced duri ng the l a tter  
hal f ,  energy prices  dropp e d  by 28  p e r c ent . 

Re a l  D i sp o s ab l e  In come per Hous e h o l d : The exp e c t e d  r e l a t i o n ­
s h i p  h e r e  i s  p o s i t ive : as r e a l  income incr eas es , hous eho l ds would 
be l ike ly to  inc r eas e the i r  cons ump t i on of ene rgy . Par t i cu l ar ly , 
wi th the g r e a t  incre as e in consumer dur ab l e s  over the p e r i o d  o f  
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th e s tu dy one wou l d  exp e c t  thes e  int ens ive ene rgy us ers  to s trong ly 
inf luenc e consump t i on via  the income l ink . 

Ra t i o of Fue l Burners to  Coa l S to kers : Thi s  vari ab l e  cons i s ts 
o f  a r a t i o  by the average s to ck of oil  and gas burne rs to coal  
s to kers  in us e dur ing a g iven year . The  sy s tems under cons i deration 
are  for domes t i c us e and for aut oma t i c  central heat ing . Th e re ­
l a t ions h ip b e twe en quan t i ty d eman de d and th i s  var i ab l e  i s  l ikely 
to have two e f fe c ts . F i rs t ,  to the extent that o i l  and gas sys t ems 
were mo re effi c i ent than coa l s toking sys t ems , an increas e in the 
r a t i o  s hould r e s u l t  in decreas ed quant i ty demande d .  S e cond , how ­
eve r , th e h i s tor i c a l  inc reas e could r e f l e c t  con s umer s '  preferences 
for o i l  and gas sys t ems over the coal s tokers whi ch were mo re  diffi ­
cul t and labori ous to  op erate and certain ly l e s s  c l e an . I n  addi tion , 
th e s h i f t  to non - c oal - fi red  hea ting sys t ems s hould r e f l e c t  a chang ing 
p r i c e  ratio  b e tween coal  and o ther a l t e rnative energy fo rms . 

The purpo s e , in fac t ,  for incl uding thi s  var i ab l e  was , pri ­
m ar i ly , to acc ount for s h i fts in the non - c oa l  energy demand curve 
due to th e movement away from coal us·age to a l ternat ive ene r gy forms 
in the re s i dent i a l  marke t . Normal ly , one wou l d  cons i der us ing a 
p ii c e  r e l a t ive direc t ly ; i . e . ,  th e ratio  o f  non - c oal energy price  
to coal  pr i c e  to acco unt fo r product s ub s t i tution e ffe c ts , r ather 
than a c counting for it indi rec t ly by the burner ratio . Such a 
p r i c e  r e l ative was c ompu te d and tes te d ,  but i ts inner c o rre lat ion 
wi th energy p r i ce was so high tha t  l i t t l e  could b e  conc l ude d about 
i ts indep endent e xp l anat ory pow er . Us e o f  the burners to co a l  
s t oker ratio  r educ e d  thi s  inner corre l at i on , y e t  re f l e c t e d  the 
e ffec ts of chang ing r e l a t ive pric es . S ince coal p r i c e s  ros e re l a ­
t ive to  non - coal  energy p r i c e s , the e ffects o f  the s h i f t  i n  tas tes 
and th e increas ing p r i c e r e l a t ive t o g e ther cons t i tuted a po s i tive 
influence on quant i ty con sumed and was cons i dered l ikely to over ­
r i de the inver s e  e f fi c i ency e ffe cts . 

D e gr e e Day s : This  var i ab l e  acc ounts for yearly fluc ta t i ons i n  
weathe r . The me asur ement o f  weather  i s  asymme tri cal s ince i t  mea ­
sures  int ens i t i e s  o f  c o l dnes s rather than warmth . G iven the p e r i o d  
o f  the s tudy and the nature o f  th e produc t b e ing analy zed , th is 
asymme t ry does no t cons t i tute a prob l em .  Degree day var i ab l es con­
s t i tu t e d  a weighted average wh ere the popul a t i on s of s ix maj o r  c i t i e s  
provided th e w e i gh ts . The expected  r e l at i ons h ip to energy con -
s ump t i on i s  pos i t ive . 

· 

Fir s t Dummy Var i a b l e - - th e  War Years : The per iod from wh i ch 
data is  gathered fo r thi s  s tudy extends through the  war years of  
1 9 4 1  t o  1 9 4 5 . Dur ing thes e abnormal years the  p r i c e s  for  many 
p r o ducts , inc l ud ing energy products , ,  d i d  no t adequate ly r e f l e c t  
r e l at ive s carci t i e s . Thi s w a s  due to wartime con tro l s  wh ich di c ­
tat e d  o r  a t  l e a s t  c ons tra ined res o urce us age to as s ur e  tha t p r i o r ­
i t i e s  we re  me t . S ince  i t  would be unr e al i s t ic to tre at the war t ime 
re l at ionship b e tween prices  and the o ther independent var i ab l e s  and 
quan t i ty cons ume d on a p ar with the obs erved r e l a t i onship dur ing 
mo re  no rmal t imes , the e conome tri c te chni que o f  us i ng a dummy 
var i ab l e  i s  emp l oy e d . 
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I t  wou l d  b e  expec ted that wart ime priori t i e s  for ene rgy would 
tend to decre a s e  consump t i on in th e res i dent i a l  s e ctor . Tha t i s , 
fo r a given l eve l o f  income , p r i c e s , degree days and d i s tr ibution 
of typ e s  of he a ting , units , quant i ty cons umed would b e  l e s s  than 
in normal t imes . Thus , the s i gn o f  the es t ima ted co effi c i ent s hould 
b e  nega t ive , r e f l e c t ing th is invers e r e l a t i onsh i p . 

S e cond Dummy Var i ab Z e - - InfZa tionar Peri ods : Dur ing the 1 9 5 8 -
1 9 7 0 per 1 o  , th e p r i c e  o energy in cur rent terms ros e ab out 1 5  
p er c ent . In  th a t  s ame per i o d , however , the real  price  de c l ined by 
1 4  p e r c ent . Energy to the r e s i dent i al s e c tor , s upp l ied in l arge  
part  by  regu l a t e d  ut i l i t i e s  wi th monopo ly pos i ti ons in  the markets 
they s e rve , tends to  have wi de ly pub l i c i zed  pri ces . I t  may wel l 
b e  the cas e that cons umers reac t no t s o  much to the real  p r i c e  o f  
energy , b u t  , to  i ts more pub l i c i z e d  current p r i c e . T h i s  imp l i e s  a 
s o r t  o f  money i l l us ion ( commonly a s s o c i a ted wi th wa ges ) in th e 
energy ma rke t ,  whi ch we cal l th e "current p r i c e  e ffe c t. "  

To b e  mo r e  s p e c i f i c , s uppos e th ere  were a sharp upward chang e 
in the c on s umer p r i c e  index ; that i s , the p r i c e  o f  goods in g enera l 
r i s es , whi l e  the c urrent p r i c e  o f  ene rgy r ema ins re l at ive ly con ­
s t ant . The r e s u l t  would b e  a decreas e in the rea l pr i c e  o f  energy . 
Our , hypo the s i s  s ta t e s  tha t cons ume rs are s l ow to react to the ch ange 
in r e l a tive p r ic e s  and thus maintain approx ima tely th e s ame l eve l 
o f  energy consump t ion as in the p revious p er i o d . 

The resul t o f  this behavi o r  wi th r e s p e c t  to th e demand curve , 
for examp l e , i s  a s e t  o f  p r i c e - quan t i ty po ints lying b e l ow and to 
the l e ft o f  the demand curve r e fl ec ting real  prices . The s l ope  of 
the curve conne c ting the s e  points is  negative ( the s i gn on th e 
co effi c i en t  o f  thi s  dummy var i ab l e  s houl d thus be  negative)  and 
hypo the s i z ed to be the s ame value as the s l op e o f  th e demand curve 
r e f l e c ting r e a l  p r i c e s . 

To capture the current p r i ce e ffe c t , tho s e  years in , whi ch th e 
consume r p r i ce index ro s e  by 5 po ints o r  mo re were s ing l e d  out and 
g iven a val ue o f  one . Other years were g iven a z ero value . I t  
was fe l t  that the curren t  p r i c e  e ffect on energy consump t i on would 
mo s t  l i ke ly b e  pres ent in years o f  sharp upward changes in the 
g en eral  consumer price  l eve l . 

Th i s  c ompl e t es a b r i e f  enumer at i on o f  th e var iab l e s us e d  on 
the demand s i de and the hypo th e s e s  as s o c i at e d  with the i r  incorpo r a ­
t i on in th e mo de l . Th e .s e cond s tage  o f  the two - s tage l e as t s quares 
proces s wa s e s t ima ted in the fo l l owing form : 

QD = Ba + Bl p + B y + B3 H + B 4D + B 5W + B6 I ,  2 

whe r e  p = p r i c e  e s timated in th e f i rs t s t age 

y = r e a l  di s p o s ab l e  income per  hous eho ld 

H = non - co a l  to co al - f i r e d  heat ing sys t ems 
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D = degree days as a popul a tion-bas e d  weight e d  average 

W = dummy var i ab l e  for th e war years  

I = dummy variab l e  for  the  current pri ce. e ffect  

QD quan t i ty demanded in hundred o f  BTU ' s  per  hous eho l d . 

The values o f  th e e s t imated c o e f f i c i ent s , � i = 0 ,  . . .  6 , and 
the i r  as s o c i a t e d  t - s t a t i s t i cs are : 

C o e ff i c i ent 

B o 1 0 2 6 1 0 0 . 0  

B l - 6 4 4 5 4 5 0 . 0  

B 2 - 2 1 . 8  

B 3 5 9 7 8 . 8  

B 4 1 9 3 . 7  

B s - 1 9 7 3 7 5 . 0  

B 6 - 2 5 8 9 9 1 . 0  

t - S ta t i s t i c  

- 1 9 . 6  

- 2 . 1  

1 7 . 5  

4 . 3  

- 5 . 1  

- 8 . 8  

The r e gres s ion c o e f f i c i ent ( R 2) was . 9 8 ,  th e F - t e s t  3 6 7 . 6 ; wh i l e  
the Durb in - Wats on tes t s ta t i s t i c  was 1 . 34 . In  s ummary , the mode l 
appears  h ighly r e l i ab l e  w i th the excep t ion o f  the c l ouds cas t by 
the Durb in - Wa ts o n ,  and the s e  may be s i gn i f i c artt c l ouds . 

Al l but one o f  the s i gns · c onforms to expecta t ions , but the 
excep t i on is a puz z l er , s ince the unexp e c t e d  s i gn comes on B z , the 
es t ima t e d  c o e ff i c i en t  o f  the inc ome var i ab l e . The r e l a t i onship 
b etween quantity demanded and inc ome i s  indicated as invers e .  
Fur the r ,  the co e f f i c i ent i s  s i gn i f i cant a t  the 5 -p e r c ent l evel , 
a l though i t  i s  s t at i s t i cal ly l e s s  s i gn i f i cant than any o f  the o ther 
e s t imat e d  coeff i c i ents . Beta  coeffic ients , wh i ch g ive indicati ons 
of r e l a t ive exp l anatory power of the var i ab l e s , were der ived  and 
i t  was found th at i ncome rank ed l owe s t  among th e var i ab l e s  tes ted . 
( Th e  ranking o f  the o th er var i ab l es from h i ghes t exp l anatory power 
on down wer e : ( 1 )  p r i c e , ( 2 )  · ratio  o f  coal  to non - co a l  he a ting 
uni t s , ( 3 )  current p r i c e  e ffec t , ( 4 )  war years and ( 5 ) de gree  days . )  

In S e c t ion I I  a p l aus i b l e  explanation for the income r e l a t ion ­
s h i p  i s  o ffered . The exp l anation i ts e l f  l eads to concr e t e  s ugg es ­
t i ons for fur ther s tudy and th e s truc tur ing of a l terna t ive mod e l s . 

The pr inc ipal  purpo s e  for th i s  s tudy was the de r ivat i on o f  
pr i ce e l as t i c i ty e s t ima tes . At 1 9 7 0  l eve ls o f  the exo geneous demand 
var i ab l es ( the l a s t and mo s t  current year o f  the da ta p er i o d ) , p r i c e  
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e l as t i c i ty in terms o f  1 9 7 0  real  p r i ces was - . 4 6 , wh i l e  a t  a p r i ce 
2 0  p er c en t  h i gher , e l as t i c i ty wa s - . 6 2 . At a p r i ce approxima t e l y  
5 0  p e r c ent h i gher than current r e a l  p r i c e s  e l as t i c i ty was - . 9 1 . 
Th es e r e s u l t s  s how tha t  wh i l e  the demand curve i s  ine l as t i c  in the 
rang e of current r e a l  pr ices , i t  is p erhaps no t as ine las t i c  as 
was exp e c te d .  In the pr i c e  rang e 5 0  p e r c ent h i ghe r than current 
r eal  p r i c e s  the demand curve is  near ing uni tary e l as t i c i ty . Such 
a l eve l o f  p r i c e  i ncreas e i s  p robab ly no t outs i de a " to l er ab l e "  
range - - th e  quo tation marks indi cat ing extr a - economic conno t a t i ons . 

I t  s h oul d b e  not ed th at the fi gur e o f  - . 4 6  i s  cor robo r ated by 
a s imi l ar s tudy , des crib e d  in App endix F ,  wh i ch covered a p e r i o d  
from 1 9 5 0  to  1 9 7 0 . 

SECT I ON I I :  C ONSTRUCT I ON OF  THE DEMAND MODEL 

As previ o us ly s ta te d ,  the demand mo del was es t imated  in th e 
s econd s t ate  o f  the two - s ta ge l ea s t  s quares t e chnique . The 
te chn i qu e  i s  requi red  becaus e , in effect , b o th the s upply and 
demand e qua t i ons mus t b e  es t ima t e d . His tori cal price  and output 
data deno t e  inters e c t i ons of s upply and demand s ch edul e s . By es t i ­
ma ting b o th s upply and demand , we can account for the s imul taneous 
s o lution o f  p r i c e  and quan t i ty , whi ch h i s tor i cal  data re fl e c ts , 
c aus e d  by s h i fts  o f  b o th the s upply and demand curves . 

The procedur e i nvo l ve s  re gre s s ing one o f  the endo g en o us 
var i ab l es (pr i c e )  on a l l  exo g enous var i ab les  in o rder to ob tain 
an e s t ima t e d  pr i c e . I t  was found tha t the exo genous var i ab l e s  
exp l a in e d  approx ima te ly 9 0_ p ercent o f  ob s e rved p r i c e  movements . 
In the s e cond s t ag e , quanti ty demanded and s upp l i e d  i s  r e g re s s e d  
on the approp r i a t e  exo g enous var i ab l e s  p lus the e s t imat e d  p r i c e  
obta ined from tlie f i r s t  s t ag e . 

Var i ab l es included on the demand s i de have already b e en d i s ­
cus s ed .  Tho s e  on th e s upply s i de inc lude : 

G = change in average g as o l ine p r i ce 

It = current end o f  p e r i o d  invent o r i es o f  dis t i l la t e  and 
re s i dual o i l  

I t-1 = previ ous p e r io d ' s  end o f  year invento r i es o f  di s t i llate  
and res i dua l o i l  

c = e l e c t r i cal uti l i ty generating cap ac i ty 

L = natur al  gas p i p e l ines 

St-1 = na tura l  gas res  erues in the previ ous period  

T = pounds o f  co al per k i l owa tt hour , an ind i c ato r o f  
techno l o g i c al ch ang e 
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X = dummy vari ab le indi cat ing sharp increas e s  i n  T exas 
shut - down day s 

y = dummy var i ab l e  indicat ing years o f  sharp decre a s e s  in 
T exas s hut - down days 

p = e s t imated pr i c e . 

Ana lys i s  o f  the s up�ly s i de o f  the mode l i s  only in the firs t 
s tag e s . Th e  very h i gh R and F - te s t  s cores  ( . 9 9 and 1 2 4 7 . 6 ,  r e ­
s p e c t ively)  are vi ewed wi th s ome s kep t i c i sm and fur ther t e s ts for 
aut o co r re l at i on are in order . At th i s  time it wi l l  be s uf f i c i ent 
to ind i c a te whi ch var i ab l es app e ar �o p l ay a s i gn i fi c ant r o l e  in 
determining s upp ly . 

Var i ab l e s  s i gni f i cant a t  the 5 - per cent l eve l inc lude change i n  
g a s o l ine p r i c es , e l ectr i c al g enerat ing cap ac ity , natural  g a s  p ip e ­
l ines , and pounds o f  co al p e r  k i l owatt hour , the indicator  o f  
t e chno lo g i ca l  imp rovemen t .  The pr i c e  vari ab l e  was no t s i gni ficant 
at th e 5 - p e r c en t  leve l , but was at the 2 0 - pe rc ent l eve l . The s i gns 
of the co e f f i c i ent s on the s upp ly s i de were perpl exing in s everal 
cas e s . S inc e the purpo s e  of thi s s tudy i s  chie fly conc e rne d with 
the demand s i de ,  l i t t l e  w i l l  be  gained by a leng thy analy s i s  of 
the s upply s i de . Wha t  i s  important for our purpos es i s  tha t  exo ­
g enous var i ab l e s  on the s upply s i de contribut e d  s i gn i f i cant ly to 
the derivat ion  of e s t imat e d  price . 

The s e  s ta t ements should no t b e  int erp r e t e d  as a t temp t ing to  
bypas s s ome of  the  tho rny p robl ems rais e d  by s upply factors . Th i s  
ar ea i s  highly c omp l ex and in dea ling w i th the aggre gate energy 
marke t the p o s s ib i l i ty o f  g enerat ing defin i t iv e ly tes tab l e  hypo th es es 
i s  probab ly qui t e  remo t e . This i ss ue , in par t ,  g ives r is e  to th e 
s ugg e s t i on i n  th e f inal s e ction thai fur ther s tudy b e  conduc ted in 
the context of mor e  l im i te d  pro duct ar eas . At the very leas t ,  
e l ec tr i c i ty and fo s s i l fue l s  s houl d b e  h andl e d  s eparate ly . 

Re turning to  th e demand s i de , s ug g e s tive e xp l anati ons are in 
o rder to  accoun t  for the negative coeff i c i ent on the i ncome var i ab l e . 
I n  hyp o the s i z ing the dete rminants o f  energy demand in the res i den t i a l  
s e ct o r  s everal p o s s ib i l i ti es come t o  mind . Such var i ab l es as fam i ly 
s i ze ,  demographi c  movement o f  al l k inds , pre fer ences for typ e s  o f  
hous i ng , a s  we l l  as income and the o th e r  var i ab l es tes t ed were al l 
p o t ent i al c andidates  fo r inc lus ion in th e mode l . I t  was fe l t  that 
the f i r s t three c andidates mentioned ab ove were probab ly ,  in one 
way o r  ano th e r , h fghly correlated w i th i ncome and , s ince income 
was an easy s t at i s t i c  t d  obtain , we de c i de d  to us e thi s  encompas s ing 
var i�b l e  to the exclus i on of the o thers . 

Such an appro ach i s  parti cularly j us t i f i ab l e wh en our par t i ­
cul ar inter e s t l i e s in s ome o ther var i ab l e - - in th i s  c as e , p r i c e . 
On th e o th e r  h and , i t  i s  a l e s s  advantag eous proc e dure i f  i t  i s  
exp e c t e d  that f o r e c as ts wi l l  r e ly heav i ly o n  the excluded var i ab l e s . 
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The negat ive s i gn of the income coeffic i ent i s  hard to b e l i eve , 
par t i cularly in l i ght o f  the great incre a s e  in e l ectr i c i ty - us ing 
app l i ances  a fforded by growing family income . This i s  l e s s  of a 
cons i d e ra t ion when one obs erves the re l a t i ve contr ibution o f  
e l ectri cal BTU ' s  t o  total BTU ' s  i n  the res i dent i a l  s e c to r . E l e c t r i ­
c a l  BTU ' s  we re , in each year D f  th e period  covered , much smal l e r  
than th e BTU cons tributi ons from fos s i l  fu e l  s our c es . The re l a t i on ­
ship b e tween in come and BTU ' s , the r e fo r e ,  i s  go ing to r e fl e c t  the 
r e l a t i ons h ip of fo s s i l - fue l s ourc e s  far more s trongly than the 
e l e c t r i c i ty e l ement . 

Although i t  s e ems qui t e  l ikely that a pos i t ive r e l a t i onship 
ex i s ts b e tween income and e l e c t rical  BTU consump t i on , wha t  are  
s ome pos s ib l e  overriding re lat i onships b e tween income and fo s s i l ­
fuel cons ump t i on whi ch are imp l i c i t  in the t ime s er i es data?  

Th e p e r i o d  cove red by th e data i s  extens ive and encompas s es 
a t ime o f  c ons i derab l e  s oc i al and economi c  change .  Larg e redi s ­
tr ibut1ons o f  the popul a t i on took p l a c e  through mi grati ons to 
warmer c l imat es . In  addi tion , the qua l i ty o f  res idential  hous ing 
in g eneral  improved , inco rporating b e t ter  insul ation and o ther  
ener gy s av ing charac t er i s t ics . There was a l s o  a s t rong movement , 
part i cul arly  dur ing the 1 9 6 0 ' s , into apartment hous es . Apar tments , 
on the who l e , a r e  cons i dered to be  more e f f i c i ent us ers of energy 
per energy cus tome r . 

The s e  t r ends , s trong ly correl ated w i th i ncome in s ome c a s es 
and a l l  l i ke ly to  affect res i den t i a l  consump t i on invers e ly , could 
eas i ly be r e f l e c ted in the negative c o e f fi c i ent of income . Thi s  
analys i s  i nd i c a te s , th erefor e ,  that s uch variab l e s  s hould be  i n ­
ves t i g a t e d  independent ly i n  the demand equa t ion . Our purpo s e ,  
however , was to draw s ome conc l us i ons on p r i c e  e l as t i c i ty whi ch we 
b e l i eve c an b e  don e on the b as i s  of the mode l tes t e d . 

CONCLUS I ONS AND SUG GESTI ONS FOR FURTHER RESEARCH 

Th e model  was c ons truc t e d  for the purpos e o f  det ermining the 
e l a s t i c i t y  of to tal  energy demand in the res i dent i a l  s e ctor on a 
p er hous eho l d  bas i s .  Whereas th i s  ob j e c t ive was e s s ent i a l ly 
accomp l i s he d ,  the model ' s  us e fulne s s  as a forec as t ing to o l  i s  ex ­
trem e ly l im i te d .  The reas on for th i s  i s  that one o f  th e mos t 
s igni fi c ant var iab l es - - the ratio  o f  co al s t okers to to tal burners - ­
i s  not go i ng to b e  Very r e l evan t in the future . 

In  add i t ion to th i s , th e demand curve for energy in the future 
is go ing to r efl e c t  changing us a ge of e l ectri ci ty . Over the p e r i o d  
cover ed , e l ectr i c i ty was us ed primar i ly f o r  l i ghting and th e opera ­
t i on o f  appl i an ce s . In  the futur e , e l e c t r i c i ty i s  l ike ly to be come 
a c omp e t i t o r  in the space heat mark et . Genera l ly , th i s  s or t  o f  
comp e t i t i on was minima l during the period  o f  the s tudy .  The future 
demand curve for  s pace h e at may be affec ted by the incur s i on o f  
e l ect r i ci ty into this  mark et . On an input bas i s , e l e c tr i c i ty in 
the home is much more cos tly per BTU than fos s i l  fue ls . I t  has 
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b e en argue d , howeve r ,  tha t  th i s  co s t  do e s  no t refl e c t  the t rue 
d i fferent i al b etween thes e a l t erna t ive energy s our ces . El e c tr i ca l  
h e a t  opera t es on a res i s t ance bas i s  at near l y  1 0 0 -percent e f fi c i ency . 
Fo s s i l fue l s , on the o ther hand , are s ubj e c t  to cons i de rab l e  BTU 
l o s s  as the g ene r a t e d  h e a t  pas s e s thr ough duc ts to th e areas to b e  
heated  and through the s t acks . Thus , the real  cos t o f  the s e  fue l s  
i s  greater  by t h e  amount o f  th i s  s or t  o f  was tage . 

Even cons i der ing the e f f i c i ency fac to r , however , e l ectri c al 
heat ing wi l l  b e  mo r e  exp ens ive ; therefo re , any maj or inc re as e o f  
i t  woul d  r e fl ect  a defini t e  re lat ive preference on th e part o f  
cons ume rs  and s pace  h eat demand o n  the who l e  woul.d thus b e  l e s s  
p r i c e  e l a s t i c . 

By and l ar g e , the s i gni f i canc e o f  th i s  s tudy l i es in the 
var i ous gui d es deve l o p e d  for fur ther mo de l ing . In the fu tur e the 
dat a  s hould cover shorter  and more  r e c ent per i ods and should be 
s uffic i ent ly c ro s s - s ec t iona l  to  a l l ow adequate de grees o f  freedom .  
Separate  mo d e l s  s houl d  b e  cons truc ted for fo s s i l  fu e l s  and e l e c tri ­
c i ty .  Demand func t i ons s houl d incl ude var i ab l e s  indicat ing demo ­
g raph i c  and l i fe - s ty l e  changes . Mod e l s  cons tructed on th i s  mo re  
d i s aggregated  b as i s  wi l l  b e  mo re e ffec tive than the  encomp a s s ing 
mod e l  pres ent ed here ; they may be  difficu l t  to s p e c i fy , but int er ­
p r e t at i on o f  r e s u l ts w i l l  b e  far mo re  concr e t e . 
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APPEND IX F 

EST IMAT ING  E LAST I C I TY IN  THE RES I DENT IAL ENERGY MARKET : 
AN E CONOMETRI C APPROACH 

The purp o s e  of th i s  App endix is to provide an e s timate o f  
the e las t i c i ty o f  demand for fo s s i l fue l s  in the over a l l  market  
for  res i d en t i a l / c ommerc ial  energy . Th e conclus ion may b e  s t ated  
b r i efly : The  p r i ce e l a s t i c i ty o f  demand in 1 9 7 0  produced a co ­
effi c i ent o f  - 0 . 4 9 - - i . e . , app roxima t e ly one - ha l f  o f  one p er c ent 
demand r e s p ons e to a 1 - percent chang e in real  p r i c e . 

PROCEDURE 

I n  a t t emp t ing to measur e the e la s t i c i ty o f  demand , a l inear 
sys t em of equat ions was formulated t o  describe  the marke t re spons e 
o f  bo th s upply and demand to p r i c e . A prop e r ly s p e c i f i e d  s imu l t aneous 
sys tem avo i d s  the prob l ems of i dent i f icat ion , as from a s ing l e  
equa t i on mode l , wh ich may produce a func t i on that i s  ne i ther s upply 
nor demand .  

Th e me thod o f  e s t ima t i on was two - s tage  l e as t  s quares , wh i c h  
g ener a t e s  cons i s t en t  e s t ima t e s  o f  b o th p r i c e  and quant i ty . Th i s  
procedur e a l l ows one t o  operate under the c l a s s i cal a s s ump t i on o f  
the dua l c aus a l i ty o f  th e pr ice - quan t i ty r e l at i onsh ip . I t  i s  
usual ly as sumed that t h e  d e t erminants o f  quant i ty in the market  
are the s ame d e t e rminants  o f  p r i c e . Thi s  i s  ac comp l i s h e d  by es t i ­
ma t ing p r i c e  in th e f irs t s tage agains t the exo genous var i ab l es 
in t he s y s tem ,  and r ep l acing it as an ins trumental var i ab l e  in �he 
s t ructura l  form o f  the mode l .  No t only i s  the sys tem then con ­
s i s t ent , but the r educ e d  form equat i on a l l ows s ome ins i ght into 
the s p ec i f i cat i on of p r i c e  a t  e qu i l ib r i um .  Thi s  i s  a g ener a l  
characte r i s t i c o f  r educ ed form equat ions wi th respect  t o  endo genous 
var i ab le s . 

THE MODEL  

Sp ec i f ica t i on of  the demand mod e l  i s  ma de in t erms of the 
fo l lowing var i ab le s : 

Pri ce : An average p r i c e  (rather  than margina l )  was derived 
by we i gh t i ng average  pr i c e s  of coa l , fue l  o i l and gas by th e ir 
respec t ive consump t i on each year . This s er i e s  i s  then deflated  by 
the Cons umer P r i c e  Inde x , and s t ated as p r i c e  per 1 08 BTU ' s . One 
woul d exp e c t  an inver s e  r e l at i onship b e tween pr i c e s  and quan t i ty 
in the demand funct ion . 

Inc o m e  p e r  Ho us e h o Z d :  Income in hundreds o f  1 9 5 8 do l l ars , 
adj us ted by the  number of hous eho l d  uni t s . The  exp ec t ed re l a t i o n ­
ship  i s  pos i t ive . 
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Hea ti ng D e gr e e Day s : A measure o f  th e var i at i on from norma l  
t emp e r atur es dur ing t h e  heat ing s eas on . Pos i tive var i at i on i s  
interp r e t e d  a s  c o l der  than norma l , and the expected s i gn h e r e  i s  
pos i t ive . 

Cons ump ti o n  of BTU ' s  p e r  He a ti ng Uni t :  A ratio  o f  res i dent i a l /  
comm e r c i a l  fos s i l - fu e l  c ons ump t i on ( in BTU ' s )  t o  heat ing equ ipment 
in exi s t ence . Over t ime , e ffic i ency gains ( fo r  numer ous reas ons ) 
h ave l owered the BTU cons ump t i on per uni t ,  and cons equent ly the 
phys i c a l  requirement for s pace  heat . Th i s  is int e rpreted  as a 
dec l in ing operat i ng cos t p e r  uni t  o f  heat ing equipment . Inc re as es 
in e ff i ci e ncy of a g iven s to c k  of equipment might b e  expecte d  to 
l ower th e demand for fue l in th e s ho r t  run , but in the l onger run 
i t  may l e ad to l ow er cos ts whi ch would s t imul a t e  demand . 

Dummy Var i ab l e : Occas i onal s h i fts in demand are bes t e x ­
p l a i ne d  by above - no rma l s h i fts i n t o  e l ectric i ty . A dummy var i ab l e  
o f  1 . 0 i s  ins e r t ed for tho s e  y e ars , 0 . 0  for al l o thers . The e x ­
p ec t ed e ffe c t  o f  th i s  s h i f t  o n  fos s i l  fue l  demand i s  negative . 

The resul ts o f  the demand equa t i on in general form were as fo l l ows : 

Qd = 1 2 6 . 1  - . 7 8 9  P + 1 . 0 9 9  Yh + . 1 3 3  DD - . 4 8 8  C - 2 . 5 2 2  Du 

R2, = . 9 9 

Wh e r e : 
-

Qd 
p 

Yh 
DD 

c 
Du 

= 

= 

= 

= 
= 

= 

( - 4 . 0 7 )  ( 5 . 6 5 )  ( 5 . 2 0 ) ( - 3 . 1 7 )  ( 2 . 9 9 )  

F - t e s t = 4 0 2 . 4 5 
Durb in -Wa t s on Stat i s t i c  = 2 . 0 2 

quant i ty demanded 1 0 14 , BTU ' s  in fo s s i l  fue l s  
p r i c e  e s t imat e 
income p e r  hous eho l d  
h e a t i ng degree  days 
consump t i on of BTU ' s  p e r  heat ing uni t  
dummy var i ab l e  fo r int er - fue l s h i fts 

The numb e r s  appearing in parenth e s es are th e s tudent - t tes ts , 
the s i gni f icanc e  o f  the var i at i on o f  a par t i cular var i ab l e  in ex ­
p l a in ing the var i at i o n i n  the dependent var i ab l e . Th e R2 of . 9 9 
and the F - t es t whi ch i s  th e rat i o  o f  exp l a ined to  unexp l ained 
var i anc e , a l l  indicate a r e l i ab l e  mo d e l  for th e demand s i de . Th e 
Durb i n - Wats on s t a t is t i c  i s  in the range whi c h  a l l ows one to rej ect  
the hypo the s i s  o£ po s i t ive auto corre l a t i on . It  s e ems the  s p e c i f i c a ­
t i on as compu ted f o r  demand p er fo rms exceedingly we l l . 

The s i gn s  o f  the var i ab l es in the demand equa t i on a l l  con ­
fo rmed to  exp e c t a t i ons . I n  t erms o f  demand s ens i t ivi ty ,  the fo l ­
l owing order was ob s erved ( fr om h i ghes t to  l owest ) : ( 1 )  income p er 
hous eho l d ,  ( 2 ) pr i ce , ( 3 )  e ffi c i ency of heating uni t s , ( 4 ) dummy 
var i ab l e  and ( 5 ) var i a t i ons in weather . 

The mod e l  for the demand s i de generated an e l as t i c i ty of de ­
mand a t  c ons tant do l l ar 1 9 7 0  p r i c es o f  - 0 . 4 9 , and a l i ke coe ffi c i ent 
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o f  - 0 . 7 8 a t  pr 1 ce s  fi fty percent h i gher . E l as t i c i ty cons i derations 
b eyond th i s  exc e e d  the r e l e vant range of th e p r i c e  data , and are , 
ther efore , extreme ly h a z ardous . 

The t ime s e r i e s  c overs annua l data from 1 9 5 1  to 1 9 7 0  incl us ive . 
Wh i l e  a few mor e da ta p o ints m i gh t  h ave b e en inc l ude d ,  i t  i s  fel t 
that more r e c e n t  obs ervat i ons are mo re va l i d , g iven the s truc tur al 
shi fts  in the imme diate  p o s t - Wo r l d  War I I  economy . 

Wh i l e  i t  i s  no t th e purpos e o f  th i s  Appendix to dis cus s s up ­
ply , the proc edure  and t es t  resul t s  wi l l  be  covered b r i e fly . 

The var i ab l e s  on the s upply s i de included : 

P r i ce : ·  e s t ima t e d  average pr i c e  per 1 o8 BTU ' s  

Re fine ry Capac i ty Ut i l i z a tion : op era ting capac i ty o f  
U . S .  refineries as a p ercent of total  c apac i ty 

Res e rve s o f  Gas : in mi l l i ons o f  cub i c  fe e t , at the end 
of the previ ous year 

Ne l s on Index o f  Re fining Operating Cos ts : average fo r 
U . S .  r e fine r i e s  

Dummy Var i ab l e : for inter - fue l s h i f ts . 

Us ing the ab ove s p e c i f i cat ion , a l l  var i ab l es proved to b e  s i gni ficant 
at th e 5 p e rc ent l eve l . The R2 was  . 9 8 wh i l e  the F - te s t  was 1 9 8 . 4 . 
The Durb i n - Wa t s on s ta t i s t i c  was 1 . 8 6 ,  again a l l owing one to  rej e c t  
po s i t i ve autocorre l a t ion . Wh i l e  the s upply func t ion do es n o t  ade ­
quate ly account for comp e t ing fue l s , i t  do es provide an approximat i on 
wh i ch ident i f i e s  the pos i t i on o f  the demand curve - - the b as i c con ­
c ern h ere . 

The s i gn s  app e ar to  b e  corre c t , including the negat ive s i gn on 
p r i c e . Thi s  was exp e c t ed , g iven the r egul a t ion  of  gas prices  a t  
t h e  we l lhead . Regulated  p r i c e s  have no t k e p t  pace w i t h  p r i c e s  i n  
g eneral , and gas  consump t ion h a s  p l ayed a n  increas ingly imp o r t ant 
ro l e  in d e t e rmining we i ghted  average p r i c e s  i n  this  marke t .  Cons e ­
quent l y ,  incr e a s ing quan t i t i e s  o f  fo s s i l fue l  a t  l ower real  p r i c e s  
wer e  no t surp r i s in g , part i cu l arly whi l e  g a s  was p l ent i ful . 

Some conc e rn has b een expres s e d over the us e o f  b o th the Nel s on 
Index o f  r e finery operat i ng cos ts and r e f inery capac i ty ut i l i z a t ion 
in the s ame equa t i on . Though one might hypo th es i z e  co l l inear i ty 
b e twe en th e s e  var i ab l es , s t ati s t i ca l  tes ts do not b ear out thi s  
r e l a ti ons h i p . Rather , a h i gh p ar t i a l  corr e l a tion c o e f f i c i ent exi s t s  
betwe en to ta l  re finery c ap a c i ty (not j us t  ut i l i z ation)  and the Ne l s on 
Index . In fac t , the c o e ffi c i ent for the Ne l s on Index and r e finery 
cap ac i ty u t i l i za t i on was only - 0 . 4 9 ,  whi l e  to t a l  capac i ty and the 
Ne l s on I ndex were c o r r e l a t e d  by 0 . 8 4 .  Var i a t i ons in opera t i ng cos t 
would app ear t o  be d i c ta t ed more by the total  amount o f  cap ac i ty 
rather than th e amo unt ut i l i z e d  at a particular po int . 
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C ONCLU S I ON 

The purpos e o f  thi s  App endix has b e en to provide an ini t i a l  
e s t imat e  o f  p r i c e  e l as t i c i ty us ing re adi ly acces s ib l e  dat a , s uch 
as tha t  avai l ab l e  thr ough the AP I ' s  Pe tro l e um Fac ts and Figur e s �  
the O i l a nd Gas Journa l and s ta t i s tics  pub l ished b y  the Bureau o f  
Mines , the Department o f  Comme rc e and the U . S .  Weather Bureau . 
Whi l e  fur ther te s t i ng and ana lys is should provide  c l o s er , mo r e  
inc l us ive s p ec i f i ca t i on o f  t h e  res i dent i al /comme r c i a l  market  fo r 
f o s s i l  fuel s , th e above mode l does provi de s ome ini ti al ins i ght 
into th e s hape o f  th e demand curv e facing th e indus try . 
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APPEND I X  G 

I NDUSTRIAL ENERGY DEMAND MODE LS 

ANALY S I S  OF  THE I NDUSTRIAL MARKET 

Econometr i c  ana lys is indi cates  that indus trial  energy con ­
sump t i on i s  corr e l at ed with the cos t o f  l abor , cap i tal  and energy . 
Fur ther , i t  s e ems l ikely that futur e comp e t i t ive p r e s s ures wi l l  
fo cus incr eas ing l y  on co s t  reduct ion in manufac tur ing indus t r i e s . 

Sign i f i c ant incr eas es in the c o s t s  o f  pr imary energy are  
po s s ib l e  and , if  this  s hou l d  happ en , the  effect  on  indus trial  
ene rgy cos ts wo uld b e  d i spropo r t ionat e ly l arge be caus e indus try 
has b e en a pr ime bene f i c i ary o f  cheap gas , coal and impo r t e d  fue l  
o i l . The comb ined effect o f  h i gher ener gy cos t on indus t r i a l  energy 
demand would b e  two fo l d .  Fir s t ,  greater incent ives and oppo rtun i t i e s  
to s ub s t i tute , c ap i ta l  fo r l abor  woul d  t end t o  reduce en ergy r equi r e ­
ments  per  un i t  o f  output , b ecaus e new equipment i s  general ly more 
e ffic ient in t erms of both l abor and energy per uni t  of produc t 
than the equ ipm en t  o f  pro c e s s  replac ed . Second , r i s ing ener gy co s t s  
wou ld dis courag e energy u s e  and would encourage the s ub s t i tut ion 
of l�bor for en e r gy . 

Th es e typ e s  o f  s ub s t i tut ion are l im i t e d  by ex i s t ing and 
pro spect ive oppo rtun i t i e s  to cons erve indus tr i a l  ener gy , so an in­
d eptn l o o k  a t  s uch opportun i t i e s  i s  nec es s ary to det ermine the 
pos s ib l e  imp act on energy consump t i on . 

F ir s t  o f  al l ,  the v i ewpo int o f  indus tr i a l  manag ement mus t be  
cons i d ered . Indus t r i a l  us ers  are long - t erm inves tors  who int end 
to own fac i l i ti e s  throughout their pro j e c t  l i fe  in contras t to 
homeowners who move frequent ly . Thus , they are cons i derab ly more  
l i kely to  r ea c t  quickly and rat ional ly to  r i s ing fue l  cos ts than 
ar e homeowners b e c aus e they mus t cons ider p ayout of equipment or 
cons truc t i on inves tment in t e rms o f  annual  fue l  s aving s . I ndus -
tr i a l  us er s  a r e  wi l l ing and ab l e  to  inves t s ubs tantial  funds in 
r e s earch and d eve lopment of archi t e ctura l  des i gns to minimi z e  fue l  
c o s t s . Thi s  i s , a t  l e a s t  p ar t ly , a r e s ul t o f  the fact that r e l a t ively 
fewe r indus t r i a l  conc erns rent the i r  propert i e s , s o  there i s  no 
s eparat ion of owner from t enant economi c s - - i . e . , apartment bui lders 
may s e ek m in imum cons truc t i on co s t s  wi th l i t t l e  regard for ut i l i ty 
char g e s  i f  p a i d  by rent ers . Indus t r i a l  market comp e t i t ion wi l l  
r e quire  that f i rms .  r e spond promp t ly and effi c i ent ly to chan g e s  in 
ene rgy c o s ts . The succ es s ful comp e t i to r s  wi l l  be thos e who make 
approp r i a t e  s ub s t i tut ions of cap i tal  and l abor for ener gy in 
res pon s e  to  r i s in g  energy co s t s . 

Even a c a s ua l  s urvey ind i ca t e s  tha t indus trial  ener gy us e i s  
no t curr ent ly op t imi z ed .  Hi gher ene rgy co s t s , however , wi l l  focus 
a t t ent ion on ex i s t ing t echno l o g i es wh ich p ermi t  impor tant ener gy 
cos t s av ings . A good examp l e  i s  wide s p r ead computer contr o l  of 
pro ce s s ut i l i t i e s . One Gul f Coas t r e f inery has ins t a l l ed a computer 
to mon i to r  s t e am , e l ec tr i c ity , air , gas  and water supp l i e s , and the 
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app l ication  has b een very succe s s ful in opt imi z ing ener gy usage  
wh i l e  ma int a in ing sys t em s t ab i l i ty ,  resul t ing in  the l owe st 
po s s i b l e  cos t for pro c e s s o�erat ion . 

As energy co s t s  r i s e  in proport ion to total  manufa c tur ing 
co s t s , the r es p on s e  o f  indus try to chang es in energy co s t s wi l l  
incr eas e mor e than propo r t iona t e ly . In o ther words , the e la s t i c i ty 
o f  demand wi l l  r i s e . Ear l ier r e t i r ement o f  the exis t ing stock o f  
c ap i t a l  equ ipment and produc t ion fac i l i t i es wi l l  b e  encouraged by 
h igher energy cos ts . Much o f  thi s  equipment conve r ts energy to 
us e fu l  wo rk in a highly inef f ic i ent manner , and its r ep l ac ement 
with equ ipm en t  of n ewer des i gn no t only wi l l  use ener gy more e f ­
fi c i ently , but a l s o wi l l  a t tain higher output rates , thus sub s tan ­
t i a l ly reduc ing ene rgy c ons ump t i on per un i t  o f  produc t .  A numb er 
of s p ec i fi c  oppor tuni t i e s  for reduc ing indus t r i a l  energy consump t i on 
in th i s  manner are  d i s cu s s e d  in the paragraphs b e l ow .  

Spa c e  Heat and Air  Condit ioning 

A s igni f i cant fr ac t i on o f  indus tr i a l  fue l  is us ed s imply for 
s p a c e  heat ing and co o l ing . Numerous oppo r tun i t i es exis t fo r im ­
provemen t s  in de s ign and insulat ion o f  indus t r i a l  s truc tur es to 
r educ e fue l r equ i rem ent s . 

Pro c e s s  Heat 

In  many ins tance s , indus t r i a l  equipment purchas ers are ab l e  
t o  make trade - o f f  de c i s i ons b etween mor e cos t ly ,  but therma l ly 
more e f f i c i ent , p r o c es s e s  o r  equipment . Higher fu e l  charges wi l l  
s h i f t  econom ics  mo r e  i n  favor o f  the mor e  effi c i ent equipment 
ava i l ab l e .  The improved t hermal  effi c i ency o f  such indus tr i a l  
o p erat ions wi l l  a l s o r e duc e overa l l  therma l emi s s i ons , thus 
mar gina l ly contribut ing to improved a i r  qua l i ty . Oppo r tun i t i e s  
f o r  improved emp loyment o f  indus t r i a l  pro c e s s  heat include the 
fo l l owing opt ions : 

• Mor e  carefu l ly cont r o l l e d  combus tion 

• Imp roved tran s fer o f  he at to area of  app l i c ation 

• Improved insu l a tion o f  furna ces  and ovens 

• Greater  app l i cat ion o f  heat exchangers  when heat ing and 
coo l ing ope ra t i on s  are j o intly emp l oyed 

• Mo r e  effic i en t  s chedul ing of operati ons to e conomi z e  on 
the us e o f  heat by minimi z ing the numb er of he a t - ups and 
the durat ion o f  heat consumption per app l i c a t i o n . 

P ro c es s  Steam 

G ener a l l y , indus tr i al b o i l ers can b e  eng ineered to increas ingly 
high  l ev e l s  o f  e f f i c i ency at g r ea t er cos t s .  Again , hi gher fuel 
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cos ts make therma l ly effic i ent des i gns economica l ly at tract ive . 
A cons i de rab l e  amount o f  indus tr i al s t eam p ro duc t i on i s  for th e 
on - s i te g enera t ion o f  e l ectri cal powe r . Sharp inc r e a s e s  in fue l  
co s t s ar e l ikely  t o  s hi ft e conomi c s  i n  favo r o f  e l ectri c i ty pur ­
chas ed from ut i l i t i e s  as oppo s ed to  s e l f - g eneration . This s hould 
r e s ul t in s ome ove r a l l  fue l  s aving s due to the s uper ior  average 
thermal e f f i c i ency o f  c entral power s ta t ions as oppo s ed to smal l er 
indus t r i a l  power p l ant s . Mor eover , impor tant s avings o f  fo s s i l  
fue l  s hould b e  r e a l i z ed over the l onger term be caus e uti l i t i e s  
w i l l  increas ing ly depend o n  nuc l e ar energy for new g ener a t ing 
c apac i ty , whe r eas indus t r i a l  power p l ants  are exp e c t ed to  cont inue 
to u s e  fo s s i l  fue l s  for many ye ars . 

Indus t r i al L i gh t in g  

There i s  a b r o a d  rang e o f  opportun i t i e s  for making e conomi c 
cho i c es among general ly mor e co s tly l i ght ing sys t ems whi ch h ave 
l ower power requi r ements . ( s e e  Tab l e  3 2 ) . H i gher ener gy c o s t s  would 
increas e e conomic inc ent ives to re cover was t e  heat from l i ght ing 
sys t ems and to  integrate l i ght ing and heating engine er ing p l ans . 
The r i s ing c o s t  o f  e l e c tr ical  energy a l s o  would encourage  indus tr i a l / 
commerc i al us ers  to economi z e  on l i ght ing by making greater us e of 
natural  l i ghting o r  s imp ly incr eas ing efforts  to s hut o ff l i ght s 
wh en they are not n e ede d . ( I n  s ome ins tanc e s , i t  i s  cheaper  at 
t he p r es ent t ime to l eave fluores c ent l i ghts  on than to incur the 
h i gher mater i a l  and l abor ' co s t s  of bulb replacemen t , which is  
r e l at ed p r imar i ly to  s t art - ups rather than i l lumina t i on t ime . )  

TABLE 32 

LIGHTI NG E F FICI E �CY 

I ncandescent 

1 00-watt, I nside-frost 
1 50-watt, I nside-frost 

F luorescent 

48", 40-watt Cool White 
48", 40-watt CW Deluxe 

Mercury 

400-watt Deluxe White 

High Pressure Sodium 

1 ,000-watt Lucalox * 

* General Electric trade name. 
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Lumens per Watt 

1 7  
1 9  

80 
56 

48 
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Mechan i c a l  Energy 

Mechani cal energy requi rements o f  indus try repres ent a r e l a ­
t iv e ly smal l fra c t i o n  o f  t o t a l  energy us e .  Neverthe l es s , the co s t  
o f  energy i s  an impo r tan t parame ter in the des i gn and app l i c ation 
of  m echanical energy to  indus trial  purpo s e s . Higher  energy co s ts 
wou l d  encourag e the evo lution and app l i ca t i on o f  r e l a t ively more 
e ff i c i ent equipment in terms of energy input s . 

Me t a l l urgical  Coal  

A r e c ent s tudy ind i cates  that me tal lur g i c a l  coal us e would 
be  affected  by two fac tors re lated to an ener gy pr i c e  increas e :  

• F i rs t ,  energy u s e  woul d decl ine wi th l ower s t e e l  output . 
An overa l l energy p r i c e  incr eas e would reduc e the amount 
o f  money the c onsumer wi l l  have to s pend for durable  goods , 
thus tending to l ower s te e l  output . Previous s tud ies  in ­
dicate  tha t this  e f fec t would be  ab out a 3 - per cent r educ t i o n  
in indus t r i al output f o r  a 1 0 0 -perc ent increa s e  i n  the 
"pr imary" energy p r i c e . 

• S e c ondly , metal l ur g i c a l  coal us e wi l l  decl ine b ecaus e o f  
increas ed i r on and s te e l  s crap and de creas e d  p i g  i r on con ­
tent in raw s te e l . Raw � te e l  i s  pro duced by fee ding p i g  
i ron and s crap t o  open hearth , oxygen r e duc t i on or e l e c t r i c  
furnac es . P i g  i ron i s  pr oduc e d  in a b l as t furnac e wh i ch 
us es metallurgical  coal  as one o f  the fe ed comp onent s .  
The r a t io o f  p i g  i ron to s c rap in the feed i s  det erm ine d 
by the r e l Q t ive cos t o f  th es e mat er i al s . From 1 9 6 7  through 
1 9 7 0 , raw s t e e l  cont a ined between 3 5 . 4 - and 3 7 . 6 - p erc ent 
s crap , whi l e  . th e  p i g  i ron/ s crap p r i ce - rat io var i e d  from 
1 . 7  to 2 . 5 .  The r e l a t i ons hip b e tween s crap content and 
the price  ra t io i s  almo s t  l inear . Appar ent ly 1 6  percent 
o f  the pr ice  o f  p i g  i ron can b e  d i r e c t ly credited  to the 
metal lurg i ca l  coal  co s t . Using the previ ous ly d i s cus s ed 
r e l a t i onship b e tween p i g  i ron/ s crap p r i c e - ra t i o  and raw 
s t e e l  s c rap content , a s s uming an average raw s t e e l  s crap 
cont ent in 1 9 8 5  and a doub l ing o f  the expected pr i c e  o f  
co a l , the r e s ul t  wou l d  b e  a decreas e i n  me tal lur gical  coal  
cons ump t i on of  approx ima t e ly 2 p e r c ent for  cons tant raw 
s t e e l  outpu t . The d ecrease  i s  not very s ens i tive to e i ther 
the s c rap con t en t  as s ump t i on or the p i g  i ron pr i ce a s s ump t ion 
and s houl d ,  there fore , be repres ent at ive of the 1 9 8 5  
s i tuat ion over a wide bas e cas e rang e .  

Pro c e s s ing o f  Indus t r i a l  Was t e  

Many indus t r i a l  was t e s  may b e  burned a s  a means o f  d i s p os a l . 
H i gher fue l cos t s  wi l l  increas e incent ives to burn was tes and re ­
cover heat for indus tr i al purp os es . Was t e  heat g enerated from 
mun i c i p a l  r e fus e has b e en s ucces s fu l ly uti l i z e d  for years and r e ­
c e nt exp e riments i nd i c a t e  th i s  i s  economical ly fea s i b l e  for sma l l er 
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un i t s  in comme rc i a l  bui l d ing s . In  e f fe c t , this proc es s b o th 
des t roys wa s t e s  and reduc e s  the net  r equi rements for indus t r i a l  
energy . 

Other Effe c ts 

Hi gher energy co s ts wi l l  a l s o  s timulate R&D inves tment by in­
dus t r i a l  ene rgy us ers to  find new me thods of economi z ing on indus ­
try energy us e .  The firs t res pons e wi l l  be  an e ffort to op t imi z e  
t h e  app l ication  o f  th e exis t ing s tock o f  c ap i tal equipment . Thi s  
p ro c e s s wi l l  inc lude b o th improved app l i cation and s ome mod i fica ­
t ions and imp rovement s  in the equipment i ts e l f . Secondly , indus ­
try w i l l  b e  mo r e  s e l ect ive in th e purchas e o f  new equ i pment and 
wi l l  g iv e  great er we i ght to the energy c o s t s  o f  operat ing o ld 
e quipment in making de c is ions to r e t i r e p l ants curr ent ly in produc ­
t ion . F in a l ly , R&D wi l l  b e  d i r e c t e d  toward the obj e c t ive o f  
deve l op ing new equ ipment and indus t r i a l  proces s es that cons ume les s 
ener gy . To date , this e ffor t has rece ived rela t ively l i t t l e  empha ­
s i s , except in the deve lopment o f  new t e chno logy to  r educe coke 
r equir emen ts p er ton of s te e l  manufac ture d . S imi lar e f f i c i enc i es 
may b e  po s s i b l e  in many o ther indus t r i al app l i cat ions o f  hydro ­
carbons . 

An impor tant factor not g enera l ly recogni zed i s  the e f fe ct on 
t o t a l  indus tr i al energy c onsump tion o f  s hi f ts in avai l ab l e  fue l s . 
For  examp le , a s h i ft by indus try from o i l  and gas to coal  m i gh t  
incr e as e  overa l l  ener gy requirement s , depending o n  t ransporta t ion 
d i s t ance s . Greater re l i ance on synth e t i c  fue l s  would incr eas e 
energy requ i r ements due to the energy int ens ive nature o f  mo s t  
synth e t i c  fue l s ' manufac tur ing pro c es s e s . Mo reover , us e o f  synthe t i c  
fue l s  wou l d  r e s u l t  i n  r e la t ive ly greater  atmo spher i c  emi s s i ons o f  
hea t  and by -products due t o  r e l e as e  i n  the proc e s s  o f  fue l  man ­
ufac tur e . 

Re duc t ions in natura l gas s upp l i e s  ar e l ike ly to  neces s i tate 
r ep l ac ement of indus t r i a l  gas by o i l  o r  coal in mos t  areas of the 
country . This  w i l l requi r e  lar g er inves tment in combus tion  equip ­
ment , fue l  s to r age and h andl ing fac i l i t i e s  and precipi tato r s . Al l 
o f  thes e ' e f fo r t s  wi l l  add to energy consump t ion . 

Increas e s  in fo s s i l  fue l  cos ts r e l_at i  ve to e l e c t r i c a l  energy 
co s t s , a pro c e s s whi �h wi l l  pro c ee d  re lat ive lY rap i d ly in indus t r i a l  
en e r gy marke t s , m i gh t  encour age indus t ry to  consume r e l at ive ly mor e  
energy i n  the form o f  el e c tr i c i ty r a ther  than pr imary fo s s i l  fue l s . 
Ov er the l onger term ,  a s  nuc l ear  energy repr es ents the maj o r. portion  
o f  add i t iona l g enerating cap a c i ty , this  s ubs t i tution wi l l  r e duce 
net a tmo s ph e r i c  emi s s i ons . I t  wi l l  a l s o  reduce total  fo s s i l  fue l  
requ i r em ents . T o t a l  energy requ i r ement s measured on an input bas i s , 
however , may we l l  incr eas e dep ending upon the r e lat ive mechanical  
and the rma l e f f i c i ency of  e l e c t r i c a l  v ers us fos s i l  fue l e d  indus tr i a l  
p l an t  and e quipment , e . g . ,  e l e c t r i c  v e r s us coal - o r o i l - f i r e d  s t e e l  
mak ing p ro c es s e s , and nuc l e ar v e rs us fos s i l  fue l genera ting plants . 
Thus , mo s t  o f  t he fuel - s h i f t  cons i derations tend to l ean towards 
incr e a s e demand for indus t r i a l  ener gy . 
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GOALS OF STUDY 

A mo del  fo r Indu s t r i al Energy Demand was devel oped wh i ch re ­
qui red  the b l ending o f  a numb er o f  divers e g o a l s . A s u i t ab l e  
mode l s hould provide reas onab l e  for ecas t ing ac curacy , me chan i sms 
for s ens i tiv i ty analys i s , and ins i ghts into the  int eracti ons w i th ­
in the under lying sys t em .  In part icular , i t  should show ener gy 
demand/pr i c e  e l a s t i c i ty and economic trade - o ffs among h i gh l y  
aggr ega ted fa ctors o f  produc t ion , inc lud ing ener gy , cap i t a l  goods 
and labor . The s ucc�s s  of any mode l r e a l l y  mus t be eva lua t e d  after 
the fac t ,  in s p i t e  o f  the prec i s i on wi th wh ich i t  i s  pos s ib l e  to 
c i t e  regre s s ion  s t a t i s t i cs . Experi ence in th is s tudy s hows again 
that the cho i ce of th e r i ght typ e o f  mod e l  fo r the j ob i s  s t i l l  a 
s ub j ect ive dec i s i on and � hence , the mo del  s hould be  us ed to s up ­
pl ement rather than r ep l ac e  j udgmen t .  

The n ex t  s ec t ion wi l l  pr ovi de a d i s cus s ion o f  the r e s u l t s  o f  
the s tudy , and the fina l s ec t i on w i l l  pres ent te chni cal det a i l s  o f  
methodo logy and any oth er appropriate mat e r i a l . 

SUMMARY OF MODE L F I ND I NGS 

Aft� r  exp er iment i ng with s everal thous and di ffe rent mod e l s , 
the pos s i b i l i t i es were r e duc ed to  the four promis ing candidates 
that wer e  des c r i b e d  in the body o f  the report  b e g inning on page 3 5  
in Chap t e r  One . Th e mod e l s  tes ted were r e l a t ive p r i c e  mode l s , ·  
wi th exp l anat o ry var i ab l e s  and lagged prices  ent ered in d i ffer ing 
forms to t e s t for fi t to  his tori c a l  time s er i es . They are a l l  
" doub l e - l o g "  mod e l s  i n  that the l ogari thm o f  the indep endent 
var iab l e  i s  exp re s s e d  as a l inear comb ination of the l o g ari thms 
o f  the indep endent var i ab l es . The findings demons trate that energy 
c o s t  do es p l ay a r o l e in the d e t ermina t i on o f  indus trial  ener gy 
demand,  as  do th e pr ices  o f  cap i tal  go ods and labor . The no tations 
and equa t ions ar e g iven b e low for th e mode l s  to be d i s cus s e d : 

L e t  D E T = Demand fo r indus trial  energy i n  time p e r i o d  T 
' 

Pc T ' 

= FRB index o f  indus trial  product in per iod  T 
( e l ect r i c i ty r emoved)  

= Re l a t ive p r i ce o f  indus t r i a l  ener gy in p er iod T 
where the ave rage p r i c e  in 1 9 5 7 - 1 9 5 9 = 1 . 0 0 

= Re l a t ive price  o f  indus t r i a l  l abor in period  T ,  
1 9 5 7 - 1 9 5 9 = 1 . 0 0 

= Re l a tive p r i c e  of cap i �a l  goods in p e r i o d  T ,  
1 9 5 7 - 1 9 5 9  = 1 . 0 0 . 

GNP T = Imp l i c i t  GNP pr i c e  deflator  for p e r i od � 1 9 5 7 -
1 9 5 9 = 1 . 0 0 

The mod e l s  to b e  discus s e d are : 
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A 

B 

c 

LOG ( DE , TI FRB T ) 

LOG ( D  E ,TI FRB T ) 

LOG (D E TI FRB T ) 
' 

= 

= 

= 

ao 

ao 

ao 

+ a1 LOG (PE T I GNP T) , 

+ a2 LOG (Pc ,T I GNP T) 

+ a3 LOG ( PL , T I GNP T ) 

+ a1 LOG FRB T 

+ a2 LOG (PE T I GNP T) 
' 

+ a3 LOG (Pc ,T I GNP T) 

+ a4 LOG (PL ,T I GNP T) 

+ a1 LOG FRB T . 

+ a2 LOG ( PE ,T I GNP T) 

+ a3 LOG (Pc ,T I GNP T) 

+ a4 LOG ( PL , T I GNP T) 

+ a5 L'ILOG ( Pc T I GNP T ) 
' 

Whe re L'ILOG (Pc , T I GNP T) = LOG ( P c , T I GNPT ) - LOG (Pc ,T-1 I GNP T_1 )  

D LOG TL .... t; ,T = a o + a 1 LOG FRB T 

+ a 2LOG ( P L ,T I GNPT ) 

Mode l s  A ,  B and C are var i ants o f  th e s ame approach . To  re ­
move the domination o f  the FRB l evel  from total  indus tr i a l  energy 
demand , a numb er o f  regress ions were run wi th energy p er un it o f  
FRB as th e d ep endent var i ab l e . Mod e l  A r epres ents the s imp l e s t 
mo de l , bas ed only on r e la t ive p r i c e s  o f  three  aggregate fac to rs 
o f  produc t i on .  (S e e  Exh ib i t  A fo r de t ai l ed s ta t i s t i c s  on the 
mod e l . )  In the exp er imen ta t ion , howeve r ,  the level of produc t i on 
s t i l l  s e emed imp o r tant , app arent ly due to  an economy o f  s c a l e  
c ons iderat i on , r e s ul t ing i n  Model  B ,  s hown i n  d e t a i l  i n  Exh i b i t  B .  
F ina l ly , after  wo rking wi th comb ina t i ons o f  l agg ed var i ab l e s , Mo de l 
C emerged  as the mo s t  de s cr i p tive mo de l o f  the sys tem int e rac t i ons . 
The p r i c e  o f  cap i tal goods l agged one year , s e emed an impor tan t de ­
t erminant o f  ene rgy demand . Mo s t  imp o r tant , the form o f  Mo de l C 
app ears  s tab l e  in that coe ff i c i ents o f  the var i ab les  s taye d  c l o s e  
to  t ho s e  found i n  Mode l C a s  o th er var i ab l es wer e added t o  t e s t 
runs . I n  contras t ,  not e the s h i f t  i n  the cap i t a l  and l ab o r  
co eff i c i ents  i n  g o in g  from Model A to Model B (Exhib i t s  A and B )  
and the s hi ft i n  FRB and l abor c o e f f i c i ents i n  go ing from B t o  
C ( Exhib i t s  B and C ) . C ons equent ly , Mo de l C s e ems mo s t  repres enta ­
tive o f  the  sys t em interac t i ons in the h i s t o r i cal p er i od , and th e 
bes t c andi date fo r s ens i t iv i ty s tudi e s . 

Mod e l ing for pro j e c t i ons into th e future invo lves a c omb ina tion 
o f  exper i enc e and j u dgmen t no t pres ent in o ther regres s i on mode l s . 
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An e qu i l ib r i um model  s e ems s afer than a dynami c  one . Mode l C 
would r equi r e  ant i c ip at ing not on ly re l at ive p r i c e s , but al s o  
movem ent in the p r i c e  o f  c ap i t a l  in s ome future p e riod . Tab l e  1 6 , 
p .  4 6  s hows the t ime s er i e s  us ed in deve lop ing the proj e c t ions 
through 1 9 9 0  for mode l s  A ,  B and D .  From th i s  vantage p o in t , e ach 
p ro j e c t ion contains impor tant info rma t i on , and e ach mus t be  
que s t ioned cr i t i ca l ly . A s p e c i f i c  cho i c e  o f  fo recas t ing mo de l wi l l  
no t b e  made . Ins tead e ach mus t b e  cons i dered in the context o f  
i t s v i ew o f  sys t em int era c t i ons . 

SUMMARY OF  RE SULTS - - I NTERPRETAT I ON 

C ar e ful analys i s  o f  Mod e l  C s houl d o ffer ins i ghts  into the 
s tr engths and weaknes s es o f  the mode l and of th e s tudy . Examina ­
t ion f i rs t  o f  the s i gns o f  co e ffi c i ents reve a l  that demand for 
ene rgy per uni t  of FRB wou l d  incr e as e w i th an incr eas e in the p r i c e  
o f  cap i t a l  go ods and would decr eas e w i th p r i c e  increas e s  in energy 
or l abo r , or wi th an incr eas e in the FRB index . For s imi lar outputs , 
i t  app ears that indus t r i a l  ene rgy needs ar e h i gher  in l abor inten ­
s ive than in c ap i t a l  int ens ive s i tuat ions . I n  the h i s to r i c a l  
p e r i o d , .  t h e  dras t i c  inc r eas e in l abor rates  r e l a t ive to o ther p r i c e s  
s e ems to have caus ed a s hi ft into pr oduc t i on us ing mo re  cap i t a l  
equ ipment , wh i ch i s  mor e effi c i ent in terms o f  energy and labor 
u s e . T ime has no t p ermi tt ed a detai l e d  s tudy o f  this par t i cular  
r e l a t i ons hip but  po s s ib i l i t i e s  mus t be  cons i dered . Hi s to r i ca l ly ,  
ener gy pr i c e s  have no t var i e d  t o  the extent found in cap i t a l  and 
l ab o r . C ons e quent ly , the dr iving for c e  b eh ind this  effect to da te 
has b e en the l ab or rate s . However , if energy p r i c e s  were to  r i s e  
dramatical ly i n  th e future , the energy p r i ce change cou l d  h ave 
impor tant imp a c ts on b o t h  c ap i tal goods and labor . Addi t i ona l 
s tudy in this  area  mi ght prove h i ghly enl i ght ening . 

Th e f i t  o f  l agged  prices  in th e h i s to r i c a l  t ime period  was 
int e r es ting i f  no t s urpr i s ing . The lag  effect  on cap i t a l  g o o ds 
c an have a t  l eas t two po s s ib l e  int erpr e t a t ions : firs t ,  the l a g  
could r e f l e c t  a n  ine r t i a  as s oc iated  wi th p lanning , j us t i fy ing 
and order ing c ap i tal goods ; and s econd , in v i ew of the l imi t ed 
movement o f  energy p r i c e s  and the s te ady upward movement o f  labor 
pr ices , th e l ag coul d r e f l ect greater unc e rtain ty in proj e c t ing 
cap i tal  pri ces , s ince  p e r fe c t  pro j e c t ions o f  futur e p r i c e s  would 
e l imina t e  any vi s ib l e  lag e ffect . Wi th inc re as e d  p l anning taking 
p l a c e  in a l l  forms o f  bus ines s , i t  s e ems l i kely that iner t i a  ex is ts 
in energy demand due to  c ap i tal commi t t e d  to speci fic  m e thods of 
produc ti on . A conc lus i on der ived from th i s  mod e l  was that the 
r e s pons e to en ergy p r i c e s  bas ed on a yearly t ime s er i es wa s a shor t ­
t erm e l as t i c i ty . The p o in t  e la-s t i c i ty o f  app roxima t e ly - 0 . 4  r e ­
f le c ts th e exp e c t e d  inelas t i c  s ho r t  run demand . 

A cro s s - s e c t i on s tudy bas ed on the 1 9 6 3  C ensus o f  Manu fac tures 
was at temp ted to  examine pr i c e  e l as t i c i ty on a s tate l evel . S inc e 
energy p ri c e s  vary much more wide lY acro s s  s ta t es than wh en aggr e ­
gated for the coun try , i t  was hop e d  tha t  the cros s s e c t i on s tudy 
would yie l d  s om e thing approach ing a long - term price  e l as t i c i ty . 
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Us ing a mo d e l  s imilar to  Mod e l  A ,  a r egres s i on was run whi ch 
y i e l ded an ene rgy po int e las t i c i ty o f  - 1 . 1  with a s tanda rd error 
in the co effic i ent of 0 . 1 .  A one - t a i l e d  tes t on the co eff i c i ent 
woul d concl ude that energy demand is r e l a tively e las t i c  at rough ly 
an 8 4 - percen t  l evel of con f i dence under condi t i ons appr oxima t ing 
l ong - run s tab i l i ty . In contr a s t ,  a s imi lar t e s t  on the t ime s er i es 
da t a  us ed in Mod e l  A ,  B or C wo uld conc lude a r e l a t ive ine l a s t i c  
demand a t  the 9 9 - p e r c ent l evel  o f  e ach mode l . 

SUMMARY OF RESULTS - - USE OF MODELS 

Exh i b i ts fo r each mo de l , at th e end o f  th is Appendix , inc lude 
tab l e s  of c omponent effe c ts of e ach var i ab l e , indi cating th e extent 
to whi ch e ach variab l e  affe c ts the pr oj ection . In  us ing th e mode l s , 
however , s everal l imi tat ions s hould b e  kept in mind : In  dev e l op ing 
inputs to the mo de l s , great  c are  s houl d be tak en with the var i ab l es 
having the greates t influenc e - - us ua l ly the FRB index and cap i t a l  
p r i c e s . Al s o ,  t h e  range o f  var i a t i on experi enced dur ing the p eriod  
under cons idera t i on ( 1 9 4 7 - 1 9 7 0 )  was s ome t ime s l imited . Extra ­
po l ation out s i de the p r i c e  ranges us ed should no t b e  done mechan ­
i c a l ly ; i f  val ue s too  far out o f  th e range are s ub s t i tuted , there 
i s  cons i derab l e  po tent i a l  l o s s  of val i d i ty . I f  drama t i c  changes 
in th e var i ab l es we r e  to be s tud i ed , one app ro ach wo uld be  to 
analy ze  a s er i es o f  l e s s e r  changes and to obs erve the mod e l  be ­
havior  as pro j e c ti ons of reas onab l e  s c ope are tr i ed . I f ,  for 
ex amp l e , the ef fec t of an imme d i a te doub l ing o f  energy p r i ce were 
to be ana ly z e d , pr o j e c t ions mi ght a l s o  b e  made at p r i c e s  of 1 . 2 5 ,  
1 . 5 0 and 1 . 7 5 t ime s the bas e p r i c e  to  determ ine whe ther extra ­
po l a t i on produces unac cept ab l e  r e s u l ts in the tota l sys t em .  

C ons i derat ion mus t a l s o  b e  g iven to many fac tors affect ing 
en ergy d emand that are no t inc luded in th e s e  mode l s , s uch as 
envi r onmental cont r o l  me asures . Ano ther l imi tation is the fac t 
that there are  s a tura t ion l eve l s  beyond wh i ch further s ubs t i tuti ons 
among ene rgy , cap i tal and labor are not tenab l e . 

METHODOLOGY 

S imu l taneous v e r s us Single  Equa t i on Mode l ing 

A the o r e t i c al s hor tcoming in th i s  s tudy l i es in the de c i s ion 
to wo rk wi th a s ing l e  e qua t ion rath er th an a _ _  s imul t aneous equat ions 
mod e l . Th i s  deci s i on was made b ecaus e it was _ fe l t  tha t  more 
meaning ful r e s u l t s  cou l d  be  obta in e d  in the t ime avai l ab l e  w i th 
a s ing l e  e qua t i on mo de l . In  r e tro s p ec t , th i s  deci s i on s e ems even 
mo re  val i d .  The prob l ems of th e s imul tane ous equa ti ons appro ach 
are many . Whi l e  a large amount o f  work has b e en done with th e 
doub l e  l o g  form o f  demand e quati on ,  econome tric  l i t er ature o f fers 
l i t tl e  gui dance for s ui t ab l e  s upply mo dels . Mo s t  s tudies , go ing 
back to the Cobb - Doug l as wo rk , have b e en s ing l e  equa tion mode l s . 
Fur ther , to a l l ow s ui t ab l e  c l e aring o f  supp ly and demand , informa ­
t i on on energy us e in o th er s e c tors  (wh i ch c omp e t e  wi th indus try 
for energy ) woul d have to b e  inc luded . The inte ractions among 
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the di ffer ent energy markets pos es a l evel o f  c omp l exi ty tha t 
cou l d  not b e  h andled  in the pres ent s tudy . Final ly , th e at temp ts 
to find a s ui t ab l e  s upply mo del  s e emed to b reak down w i th the 
aggre gat ion of en ergy and yet  the deve lopment o f  mode l s  that would 
s how indiv i dual fue ls was b eyond the s cop e of s tudy . 

C o e ff i c i ent Stab i l i ty 

The c r i t e r ion cho s en for evalua t ing mod e l s  was pr imarily 
co efficent s tab i l i ty :  a s  was noted  in the d i s cus s ion o f  Mode l C ,  
the ad di t i on o f  n ew var i ab l es s e emed to  have l i t t l e  e ffect on the 
c o e f f i c ients found in Mod e l  C .  In a l l  doub l e  l o g  runs , the inter ­
c ep t  co e ff i c i en t  was in the range o f  1 . 1 4 0  to  1 . 1 4 5 . The co ­
effi c i ent o f  th e p r i c e  o f  energy rang ed from - 0 . 2 5  to - . 4 0  in a l l  
mode l s , wi th the smal l e s t ab s o lute c o e f f i c i ent value s  occurr ing 
in runs with  a l ar g e  numb er o f  exp l anato ry vari ab l es - - a s many as 
10  var i ab l e s  we r e  tr i e d  in s ingl e mode l s . The c o e f fi c i ent was 
s i gni f i c ant in mo s t  cas e s  at the 9 5 -percent leve l . The c o e ffi c i ent 
of F RB index was s tab l e  in a rang e o f  - 0 . 1 5 to - 0 . 3 5 with l i t t l e  
no t i c e ab l e  effect  from pres ence o r  ab s ence o f  the i r  var i abl es . The 
coef fi c i ent was typ i c a l ly s i gn i f i cant at the 9 5 - pe r cent l evel . 
C o e ff i c ients for c ap i ta l  and labor p r i ces s tab i l i z e d only w i th the 
c ap i ta l  l a g  va lue inc lude d - - the cap i ta l  coeff i c i e nt in the range 
of 0 . 3 0 to 0 . 4 0 and labo r in th e rang e o f  - 0 . · 5 0 to  - 0 . 6 5 .  With 
the l ag , c ap i ta l  fai l s  a 9 0  percent s i gn i f i c ance tes t and labor 
i s  s i gn i fi c an t  a t  the 90  per cent l eve l . The c o e ffi c i ent for the 
cap i t a l  l a g  rang ed from 1 . 2  to 1 . 4  wi th a 9 5 - p er c ent l eve l o f  
s i gn i fi cance . S i n c e  t h e  po int e l as t i c i ty o f  demand is  s imp ly th e 
log  der ivat ive , the reg r e s s ion c o e ffi c i ents thems e lves y i e l d  th e 
e l as t i c i t i e s  in the do ub l e l o g  mode l . C ons equent ly , the s t ab i l i ty 
of c o e ff i c i ents s houl d o ffer  a reas onab l e  e s t ima t e  o f  e l a s t i c i ty 
in s p i t e  o f  the fac t tha t th e s ingle  e qua t ion approach do es no t 
provide i dent i f i cat ion o f  a true demand e qua t i on . 

Data Sour c e s  

The d a t a  o n  energy demand w e r e  der ived from U . S . Bur eau o f  
Mines fi gures . Th e GNP d e f l a t o r  i s  the imp l i c i t  p r i c e  defla tor 
for t he GNP , wh i l e  the cap i ta l  p r i c e  was approximated  by the im­
p l i c i t  price  deflator for fixed non - r e s i dent i a l  inves tmept . Th e 
ener gy pr i ce was deve loped from the annual s urvey o f  manufac tur es , 
and the labor p r i c e  was app roximated  by the avera g e  hour ly g ros s 
e arnings for a l l  manufac turing per  pro duc tion worker . 

Durb in - Wa t s o n  Tes t 

Mode l s  B ( 1 . 6 5 9 )  and D ( 1 . 4 4 4 )  al l ow us to accep t  th e Nul l  
Hypothe s e s  a t  th e 5 - per cent l ev e l  ag a ins t b o th pos i t ive and n e g a ­
t i v e  auto c o rr e l a t i on . Mo de l A ( 1 . 3 9 9 )  i s  inde termina t e  f o r  po s i tive 
autocorre l a t i on and Mo d e l  C ( 2 . 1 9 3 ) i s  inde t ermina te for negative 
autocorr e l a t i on . In  the regr e s s ions run , inc lus ion of the 
c ap i t a l  l a g  caus e d  a Durb in -Wats on s t a t i s t i c  greater than 2 . 0 for 
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a l l  mode l s , whi ch may indi ca t e  an over - reac t i on to change in the 
mo de l . Th e s t a ti s t i c  for a l l  e qui l ib r ium mode l s  with no l a gg ed 
var i ab l es was l es s  than 2 . 0 .  

Mul t i co l l in ear i ty 

As can b e  s e en by the R ( I ) 2 values in the exh ib i ts , the t ime 
s er i e s us ed have high  deg r e e s  o f  mul t i co l l inear i ty . (The R ( I )  2 
s ta t i s t i c  i s  a measur e of how wel l a par t i cular var i ab l e  could b e  
app roxima t e d  by a l inear c omb ina t i on o f  th e o ther variab l e s . )  A 
numb er o f  run s  were a t t emp ted us ing t ime as an addi t ional var i ab l e  
t o  d e t ermine whether extraneous corre l a t i on was ent er ing the runs . 
The c o e f fi c i en t  for t ime proved ins i gnifi cant us ing a var i e ty o f  
func t i onal  forms . Wh i l e  th ere i s  s ome d i s agr e ement i n  the t echn i cal 
l i t eratur e , mos t authors s e em to feel tha t mul t i co l l inear i ty is  
properly refl e c t ed in the var i ance term for individual c o e ff i c i ents , 
and the exp e r i enc e in t he model ing done here has s hown no reason 
to d i s ag r e e  with that . Mor e random fluctua t i on in the t ime s er i e s  
wou l d  a l l ow b e t t er regres s i on fi ts , but aggregated t ime s er i es da ta 
s e ld om a l l ow that luxury . 

Computational  Cons i derat ions 

The r e g re s s i on runs were  ma de using a prog ram ava i l ab l e  from 
the SHARE * L ibrary ( 3 6 0 D . - 1 3 . 6 . 0 0 8 ) , and run on an I BM 3 6 0  Mod e l  
8 5 . A d i s cus s i on o f  the p ro g ram , the Cp s e arch method , and r e l e ­
vant f i t t ing c r i t e r i a  c an b e  found in the book Fi t t i ng Equa ti ons 
to  Da ta by Cuthb ert Dani e l  and Fred S .  Wo od , W i l ey - Inte r s c ienc e , 
1 9 7 1 . Exh ib i t  A conta ins a mor e  comp l e t e  s e t  o f  output from th e 
prog ram to show the typ e  o f  an lays i s  us ed . 

* A cooperat ive org an i z a t ion o f  I BM equipment users . 
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REL PRICE MODEL 1 DEP VAR 1 :  L2/3 

IND.  VAR ( I )  NAME COE F. B ( I )  

0 1 . 1 4433D·OO 
1 L4/ 1 3  . 3.60632D-01 
2 L7/ 1 3  8.67304D-01 
3 L 1 0/ 1 3  . 1 .35677D-OO 

NO. O F  OBS E RVATIO NS 
NO. OF I ND .  VAR I ABLES 
R ESI DUAL D EG R EES O F  F R E EDOM 
F-VALU E 
R ESI DUAL ROOT M EAN SQU A R E  
R ESI DUAL M EAN SQU A R E  
R ESI DUAL SUM O F  SQU A R ES 
TOTAL SUM O F  SQU A R ES 
M U L  T. CO R R EL.  CO E F .  SQU A R E D  

EXH IBIT A (MOD EL A )  

L I N EAR LEAST-SQUAR ES CURVE F ITTI NG PROGRAM 

M I N  Y = 1 .062D-OO MAX Y = 1 .261 0-00 RANGE Y = 1 .990D-01 

S.E. COE F.  

1 .48D-01 
3.02D·01 
1 .37D·01 

24 
3 

20 

T-VALUE 

2.4 
2.9 
9.9 

1 99.6 
0.01 0837 1 0  
0.0001 1 744 
0.00234886 
0.07265972 
0.9677 

R ( I )  SQRD M I N  X ( I )  

0.831 5  - 9.027D-02 
0.7789 - 6.341 D-02 
0.91 1 1  - 1 . 1 33D·01 

MAX X ( I )  RANG E X ( I )  R E L. I N F. X ( I )  

5 . 1 56D-02 1 .4 1 8D-0 1 0.26 
2.30 1 0-03 6.571  D-02 0.29 
7 .01 9D-02 1 .835D-01 1 .25 

Dependent Variable LOG ( D E,TI F RBT) 

Independent Variable 1 LOG ( P E,TIGNPT) 

2 LOG ( Pc,TIG N PT) 

· 3 LOG ( P L,TIG N PT) 



EXH I BIT A (CONT'D.) 

L INEAR LEAST-SQUAR ES CURVE FITTING PROGRAM 

R E L  PRICE MODEL 1 DEP VAR 1 :  L2/3 

COMPONENT E F F ECT OF EACH VARIABLE ON EACH OBSE RVATION ( I N  UNITS OF Y)  (VARIABLES ORDERED BY TH E I R  RELATIVE I N FLUENCE--OBSERVATIONS ORDERED BY I N FLU ENCE OF MOST I N F LUENTIAL VARIABLE) 

VARIABLES 
SEQ. OBSV. 1 2 3 

L 1 0/ 1 3  Ll/ 1 3  L4/ 1 3  1 47 0. 1 5  - 0.04 0.01 2 48 0. 1 4  - 0.03 - 0.02 3 49 0. 1 1  - 0.02 - 0.01 4 50 0.09 . 0.01 - 0.01 5 5 1  0.08 - 0.01 . 0.01 1--' 
6 52 0.06 . 0.01 - 0.01 

0 
U"1 7 53 0.04 . 0.00 - 0.01 8 54 0.03 - 0.01 - 0.01 9 55 0.02 . 0.00 - 0.01 1 0  56 0.01 0.01 - 0.01 1 1  57 0.00 0.02 - 0.01 1 2  58 - 0.00 0.02 - 0.00 1 3  59 - 0.01 0.02 - 0.01 1 4  60 - 0.02 0.01 0.00 1 5  61  - 0.03 0.01 0.00 1 6  62 - 0.04 0.01 0.00 1 7  63 . 0.05 0.01 0.01 1 8  64 - 0.06 0.00 0.01 1 9  65 . 0.07 0.00 0.01 20 66 - 0.07 0.00 0.01 2 1  67 - 0.08 0.00 0.01 22 68 - 0.09 0.00 0.02 23 70 - 0. 1 0  0.00 0.03 24 69 - - 0. 1 0  0.00 0.03 



( EXHIBIT A (CONT'D.) 

LI NEAR LEAST-SQUAR ES CURVE F ITTING PROG RAM 

R E L  PRICE MODEL 1 DEP VAR 1 :  L2/3 

STANDARD DEVIATION ESTIMATED FROM R ESI DUALS OF NE I GHBO R I N G  OBSERVATI ONS (OBSE RVATI ONS 1 TO 4 APART IN F ITTED 
Y ORD E R ) .  

O R D E R E D  B Y  WSSD ORDERED BY F ITTED Y 
CUMU LATIVE 

NO. STD DEV WSSD OBSV. OBSV. DEL R ESI DUALS WSSD DEL R ESI DUALS FITTED Y OBSV. SEQ. 

0.02 0.03 69 70 0.02 0.65 0.00 1 .06 69 1 
2 0.01 0.20 67 66 0.01 0.65 0.02 1 .07 . 68 2 
3 0.01 0.49 64 63 0.00 4.88 0.02 1 .07 70 3 
4 0.01 0.49 54 53 0.01 0.20 0.01 1 .07 67 4 
5 0.01 0.52 65 64 0.01 0.61 0.01 1 .08 66 5 
6 0.01 0.59 6 1  60 0.01 0.52 0.01 1 .09 65 6 

1--' 7 0.01 0.61 66 65 0.01 0.49 0.00 1 .09 64 7 0 
a- 8 0.01 0.65 69 68 0.00 0.90 0.01 1 . 1 0  63 8 

9 0.01 0.65 68 70 0.02 1 .08 0.00 1 . 1 1  62 9 
1 0  0.01 0.80 5 1  50 0.01 0.59 0.01 1 . 1 2  6 1  1 0  
1 1  0.01 0.90 63 62 0.01 1 .35 0.01 1 . 1 3  60 1 1  
1 2  ·0.01 1 .06 56 57 0.01 1 1 . 1 5  0.03 1 . 1 4  59 1 2  
1 3  0.01 1 .08 62 6 1  0.00 1 .57 0.00 1 . 1 4  55 1 3  
1 4  0.01 1 . 1 2  57 58 0.00 1 .06 0.01 1 . 1 4  56 1 4  
1 5  0.01' 1 .35 60 59 0.01 1 . 1 2  0.00 1 . 1 4  57 1 5  
1 6  0.01 1 .48 67 65 0.00 1 5 . 1 5  0.02 1 . 1 5  58 1 6  
1 7  0.01 1 .57 59 58 0.02 0.49 0.01 1 . 1 6  54 1 7  
1 8  0.01 1 .57 55 56 0.00 5.58 0.02 1 . 1 6  53 1 8  
1 9  0.01 2.01 65 63 0.01 3.95 0.02 1 . 1 9  52 1 9  
20 0.01 2. 1 0  59 57 0.03 0.80 0.01 1 .20 5 1  20 
2 1  0.01 2 . 1 0  68 67 0.01 2.85 0.02 1 .20 50 2 1  
22 0.01 2 .25 66 64 0.02 7 .98 0.01 1 .22 49 22 
23 0.01 2.36 56 58 0.01 1 0. 1 1 0.00 1 .22 48 23 
24 0.01 2.70 64 62 0.01 0.03 0.02 1 .25 47 24 



EXH I BI T  A (CONT'D.) 

L I N EAR LEAST-SQUARES CURVE F ITTING PROGRAM 

R E L  PRICE MOD E L  1 DEP VAR 1 :  L2/3 

ORDERED BY COMPUTER I N PUT ORDERED BY R ESI DUALS 
I DENT. OBSV. WS DISTANCE OBS. Y FITTED Y R ESI DUAL OBSV. OBS. Y FITTED Y ORDERED R ESI D. SEQ. 

1 9  47 205. 1 .261 1 .254 0.006 56 1 . 1 61 1 . 1 44 0.0 1 7  1 
1 9  48 1 7 1 .  1 .229 1 .222 0.007 70 1 .082 1 .068 0.0 1 4  2 
1 9  49 1 09. 1 .221 1 .220 0.000 55 1 . 1 54 1 . 1 41 0.01 3 3 
1 9  50 77. 1 . 1 90 1 .205 . 0.0 1 5  57 1 . 1 55 1 . 1 44 0.01 1 4 
1 9  5 1  63. 1 .202 1 .203 . 0.001 64 1 . 1 01 1 .092 0.009 5 
1 9  52 35. 1 . 1 70 1 . 1 88 . 0.0 1 7  58 1 . 1 58 1 . 1 5 1 0.007 6 
1 9  53 1 4. 1 . 1 61 1 . 1 60 0.000 63 1 . 1 07 1 . 1 00 0.007 7 

1-" 1 9  54 1 0. 1 . 1 50 1 . 1 59 . 0.009 48 1 .229 1 .222 0.007 8 
0 1 9  55 3. 1 . 1 54 1 . 1 41 0.0 1 3  47 1 .261 1 .254 0.006 9 -.J 

1 9  56 3. 1 . 1 61 1 . 1 44 0.0 1 7  61  1 . 1 25 1 . 1 20 0.005 1 0  
1 9  57 4. 1 . 1 55 1 . 1 44 0.0 1 1 62 1 . 1 1 1  1 . 1 1 0  0.001 1 1  
1 9  58 2. 1 . 1 58 1 . 1 5 1 0.007 49 1 .22 1 1 .220 0.000 1 2  
1 9  59 5. 1 . 1 1 7  1 . 1 35 . 0.0 1 8  53 1 . 1 61 1 . 1 60 0.000 1 3  
1 9  60 7. 1 . 1 28 1 . 1 30 . 0.003 5 1  1 .202 1 .203 . 0.001 1 4  
1 9  6 1  9. 1 . 1 25 1 . 1 20 0.005 68 1 .065 1 .066 . 0.001 1 5  
1 9  62 1 6. 1 . 1 1 1  1 . 1 1 0  0.001 60 1 . 1 28 1 . 1 30 . 0.003 1 6  
1 9  63 28. 1 . 1 07 1 . 1 00 0.007 69 1 .062 1 .065 . 0.003 1 7  
1 9  64 30. 1 . 1 01 1 .092 0.009 65 1 .080 1 .085 . 0.006 1 8  
1 9  65 39. 1 .080 1 .085 . 0.006 67 1 .065 1 .074 . 0.009 1 9  
1 9  66 49. 1 .062 1 .078 . 0.0 1 6  54 1 . 1 50 1 . 1 59 . 0.009 20 
1 9  67 55. 1 .065 1 .074 . 0.009 50 1 . 1 90 1 .205 . 0.01 5 21  
19  68 77. 1 .065 1 .066 . 0.001 66 1 .062 1 .078 . 0.0 1 6  22 
1 9  69 89. 1 .062 1 .065 . 0.003 52 1 . 1 70 1 . 1 88 . 0.0 1 7  23 
1 9  70 88. 1 .082 1 .068 0.0 1 4  59 1 . 1 1 7  1 . 1 35 . 0.01 8 24 



f-1 
0 
00 

EXH I BIT A (CONT'D.) 

CP VALUES FOR TH E SE LECTION OF VAR IABLES 

R E L  PRICE MODEL 1 DEP VAR 1: L2/3 

SELECTI ON OF VARIABLES FOR BASIC EQUATION 

CP = 8.5, VA R I AB L E  ADDED 3 L 1 0/ 1 3  

CP = 8.0, VAR I AB L E ADDED 2 L7/ 1 3 

CP = 4.0, VARIABLE ADDED 1 L4/ 1 3 

NUM B E R  OF OBSE RVATIONS 
NUM B E R  O F  VAR I ABLES IN  F U L L  EQUAT I O N  
NUM B E R  O F  VAR I AB L ES I N  BAS I C  EQUATION 
R EMAI N D E R  O F  VAR IABLES TO B E  CONSI D E R E D  

EQUATION p CP VAR IAB LES I N  EQUATION 

4 4.0 F U L L  EQUAT I O N  

2 8.0 BAS I C  SET OF VAR IAB LES 

4 4.0 BASI C SET PLUS 

SWEEP N U M B E R  4 ,  D E LTA Z ( K,K) = 2 . 0  · 1 8  

1 
L4/ 1 3  

SEARCH NUMBE R 1 

24 
3 
1 
2 

3 
L 1 0/ 1 3  

2 
L7/ 1 3  



1-' 
0 
1.0 

REL PRICE MODEL 31 DEP VAR 1 :  L2/3 

I ND. VAR ( I )  NAME COEF.  B ( I )  

0 1 . 1 4327 D-00 
F R B  - 1 .41 400D-01 

2 L4/ 1 3  - 3.31 209D-01 
3 L7/ 1 3  5.07032D-01 
4 L 1 0/ 1 3  - 9.5 1 067 D-01 

NO. OF OBSE RVAT I ONS 
NO. O F  I N D .  VAR IABLES 
R ESI DUAL D EG R E ES OF F R E EDOM 
F-VALU E 
R ES I DUAL ROOT M EAN SQUAR E 
R ESI DUAL M EAN SQU A R E  
R ESI DUAL S U M  OF SQUAR ES 
TOTAL SU M OF SQU A R ES 
MU L T. CO R R EL.  COE F .  SQU A R E D  

EXH I BIT B (MODEL B) 

L I N EAR LEAST-SQUAR ES CURVE FITTING PROG RAM 

S.E. COE F .  T-VALU E  R ( I )  SORD 

1 .23D-01 
1 .49D-01 
4.33D-01 
3.77D-01 

24 
4 

1 9  

1 .2 
2.2 
1 .2 
2.5 

1 52.5 
0.01 074823 
0.000 1 1 552 
0.0021 9496 
0.07265972 
0.9698 

0.9796 
0.8365 
0.8940 
0.9885 

MIN Y = 1 .062D-OO MAX Y = 1 .261 0-00 RANGE Y = 1 .990D-01 

M I N  X ( I )  MAX X ( I )  RAN G E  X ( I )  REL. I N F .  X ( I )  

- 1 .831 D-01 2.31 2D-01 
- 9.027D-02 5 . 1 56D-02 
- 6.34 1 D-02 2.301 D-03 
- 1 . 1 33D-0 1 7 .01 9D-02 

4 . 1 43D-01 
1 .4 1 8D-01 
6.57 1 D-02 
1 .835D-01 

0.29 
0.24 
0. 1 7  
0.88 

Dependent Variable LOG ( D E , T/ F RBT) 

Independent Variable 1 LOG ( F RBT) 

2 LOG ( P E , TIG N PT) 

3 LOG ( Pc,TIGN PT) 

4 LOG ( P L,TIG N PT) 



EXH IBIT B (CONT'D.) 

L I N EAR LEAST-SQUARES CURVE F ITTI NG PROG RAM 

R E L  PRICE MODEL 31 DEP VAR 1 :  L2/3 

COMPONENT E F F ECT OF EACH VARIABLE ON EACH OBSERVATION ( IN  U NITS OF Y) 
(VAR IABLES ORDERED BY THE I R R E LATIVE I N F LU ENCE--OBSERVATIONS ORDE R E D  BY I N F LUENCE OF MOST 
I N FLUENTIAL VAR IABLE) 

VAR IABLES 
SEQ. OBSV. 4 1 2 3 

L 1 0/ 1 3 F R B  L4/ 1 3  L7/1 3 
1 47 0. 1 1 0.03 0.01 - 0.02 
2 48 0. 1 0  0.03 - 0.02 - 0.02 
3 49 0.08 0.03 - 0.01 - 0.01 
4 50 0.07 0.02 - 0.01  - 0.01 
5 5 1  0.06 0.02 - 0.01  . 0.00 

1--' 6 52 0.04 0.01 - 0.01 - 0.00 1--' 7 53 0.03 0.01 - 0.01 - 0.00 0 
8 54 0.02 0.0 1 . 0.01 - 0.00 
9 55 0.01 0.01 - 0.01 . 0.00 

1 0  56 0.01 0.00 - 0.01 0.01 
1 1  57 0.00 0.00 - 0.01 0.0 1 
1 2  58 - 0.00 0.01 - 0.00 0.01 
1 3  59 - 0.01  0.00 . 0.01 0.01 
1 4  60 - 0.02 - 0.00 0.00 0.01 
1 5  61  - 0.02 - 0.00 0.00 0.01 
1 6  62 - 0.03 - 0.01  0.00 0.01 
1 7  63 - 0.04 . 0.01 0.01 0.00 
1 8  64 - 0.04 - 0.01 0.01 0 .00 
1 9  65 - 0.05 - 0.02 0.01 0.00 
20 66 - 0.05 - 0.02 0.01 0.00 
2 1  67 - 0.06 - 0.02 0.01 0.00 
22 68 - 0.06 - 0.03 0.02 0.00 
23 70 - 0.07 . 0.03 0.02 0.00 
24 69 - 0.07 - 0.03 0.02 0.00 



EXH I B I T  B (CONT'D.) 

L INEAR L EAST-SQUAR ES CU RVE F ITTING PROGRAM 

REL PRICE MODEL 31 DEP VAR 1 :  L2/3 

STANDARD D EVIATION ESTIMATED F ROM R ESI DUALS OF N EI GHBO R I NG OBSERVATIONS (OBSERVATIONS 1 TO 4 APART IN F I TTED 
Y ORDER) .  

ORDERED BY WSSD ORDERED BY F ITTED Y 
CUMU LATIVE 

NO. STD DEV WSSD OBSV. OBSV. - DEL R ESI DUALS WSSD DEL R ESIDUALS F ITTED Y OBSV. SEQ. 

1 0.01 0.05 69 70  0.02 0.48 0.00 1 .06 69 
2 0.01 0. 1 0  67 66 0.01 0.48 0.01 1 .07 68 2 
3- 0.01 0.28 61 60 0.00 3.2 1 0 .02 1.07 70 3 
4 0.01 0.37 64 63 0.00 0. 1 0  0.01 (07 67 4 
5 0.01 0.45 57 56 0.01 0.56 0.01 1 .08 66 5 

1--' 6 0.0 1 0.48 68 70  0.01 0.48 0.01 1 .08 65 6 1--' 
1--' 7 0.01 0.48 53 54 0.02 0.37 0.00 1 .09 64 7 

8 0.01 0.48 65 64 0.01 0.54 0.00 1 . 1 0  63 8 
9 0.01 0.48 69 68 0.00 0.73 0.00 1 . 1 1  62 9 
1 0  0.01 0.54 63 62 0.00 0.28 0.00 1 . 1 2  61  1 0  
1 1  0.01 0.56 66 65 0.01 0.87 0.01 1 . 1 3  60 1 1  
1 2  0.01 0.60 5 1  50 0.02 1 .20 0.03 1 . 1 3  59 1 2  
1 3  0.01 0.66 5 6  55 0.01 0.45 0.01 1 . 1 4  57 1 3  
1 4  0.01 0.73 62 61  0.00 0.66 0.01 1 . 1 4  56 1 4  
1 5  0.01 0.87 60 59 0.01 3.09 0.01 1 . 1 4  55 1 5  
1 6  0.01 1 .05 67 65 0.00 9.28 0.00 1 . 1 5  58 1 6  
1 7  0.01 1 . 1 2  57 58 0.01 0.48 0.02 1 . 1 6  53 1 7  
1 8  0.01 1 .20 59 57 0.03 3.80 0.00 1 . 1 6  54 1 8  
1 9  0.01 1 .30 68 67 0.01 2.05 0.02 1 . 1 9  52 1 9  
20 0.01 1 .35 59 58 0.02 0.60 0.02 1 .20 5 1  20 
2 1  0.01 1 .68 56 58 0.01  9.87 0.02 1 .20 50 2 1  
22 0.01 1 .69 65 63 0.0 1  4.23 0.01 1 .22 48 22 
23 0.01 1 .7 6  64 62 0.01  1 0.78 0.01  1 .22 49 23 
24 0.0 1  1 .8 1  62 60 0.00 0.05 0.02 1 .25 47 24 



EXH IBIT B (CONT'D.) 

L I N EAR LEAST-SQUARES CURVE F ITTI NG PROGRAM 

R E L  PRICE MODE L  31 DEP VAR 1 :  L2/3 

ORDERED BY COMPUTER I NPUT 
I DENT. OBSV. WS DISTANCE OBS. Y F ITTED Y R ESI DUAL OBSV. OBS. Y 

1 9  47 1 07 .  1 .261  1 .254 0.007 56 1 . 1 6 1 
1 9  48 92. 1 .229 1 .221 0.008 70 1 .082 
1 9  49 62. 1 .221 1 .224 . 0.004 57 1 . 1 55 
1 9  50 42. 1 . 1 90 1 .204 . 0.0 1 4  55 1 . 1 54 
1 9  5 1  34. 1 .202 1 . 1 97 0.004 48 1 .229 
1 9  52 1 9. 1 . 1 70 1 . 1 85 . 0.01 5 47 1 .261  
1 9  53 8. 1 . 1 6 1  1 . 1 60 0.001 64 1 . 1 0 1  

f-1 1 9  54 7. 1 . 1 50 1 . 1 65 . 0.01 5 58 1 . 1 58 
f-1 1 9  55 2. 1 . 1 54 1 . 1 44 0.0 1 0  5 1  1 .202 N 

1 9  56 2. 1 . 1 6 1 1 . 1 42 d.01 9 63 1 . 1 07 
1 9  57 2. 1 . 1 55 1 . 1 4 1  0.0 1 4  6 1  1 . 1 25 
1 9  58 1 .  1 . 1 58 1 . 1 53 0.005 53 1 . 1 6 1 
1 9  59 2. 1 . 1 1 7  1 . 1 33 . 0.0 1 6  68 1 .065 
1 9  60 3. 1 . 1 28 1 . 1 30 . 0.003 62 1 . 1 1 1  
1 9  6 1  5. 1 . 1 25 1 . 1 23 0.002 69 1 .062 
1 9  62 8. 1 . 1 1 1  1 . 1 1 2  - 0.001 60 1 . 1 28 
1 9  63 1 2. 1 . 1 07 1 . 1 03 0.004 49 1 .221 
19 64 1 7 . 1 . 1 0 1  1 .094 0.007 65 1 .080 
1 9  65 22. 1 .080 1 .085 - 0.005 67 1 .065 
1 9  66 29. 1 .062 1 .075 - 0.01 3  66 1 .062 
1 9  67 33. 1 .065 1 .07 1 - 0.007 50 1 . 1 90 
1 9  68 45. 1 .065 1 .065 - 0.001 54 1 . 1 50 
1 9  69 54. 1 .062 1 .064 - 0.002 52 1 . 1 70 
1 9  70 52. 1 .082 1 .068 0.0 1 4  59 1 . 1 1 7  

ORDE R E D  BY R ESI DUALS 
F ITTED Y 

1 . 1 42 
1 .068 
1 . 1 4 1  
1 . 1 44 
1 .221  
1 .254 
1 .094 
1 . 1 53 
1 . 1 97 
1 . 1 03 
1 . 1 23 
1 . 1 60 
1 .065 
1 . 1 1 2  
1 .064 
1 . 1 30 
1 .224 
1 .085 
1 .071  
1 .075 
1 .204 
1 . 1 65' 
1 . 1 85 
1 . 1 33 

ORDERED R ESID.  

0.0 1 9  
0.0 1 4  
0.0 1 4  
0.0 1 0  
0.008 
0.007 
0.007 
0.005 
0.004 
0.004 
0.002 
0 .001 

. 0.001 
- 0.001 
- 0.002 
- 0.003 
- 0.004 
- 0.005 
- 0.007 
- 0.01 3  
- 0.01 4  
- 0.01 5  
- 0.01 5 
- 0.01 6  

- - - ----- --- --------�--

SEQ. 

2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
21 
22 
23 
24 



1--' 
1--' 
VI 

R E L  PRICE MODEL 32 DEP VAR 1 :  L2/3 

I ND. VAR ( I )  NAME COE F. B ( I )  

0 1 . 1 4078D-OO 
1 F R B  - 2.35807 D-01 
2 L4/ 1 3  - 3.84284D-01 
3 L7/ 1 3 4.03963D-01 
4 L 1 0/ 1 3  - 6.4601 2D-01 
5 1 8 - 1 9  1 .38456D-OO 

NO. OF OBSE RVATI ONS 
NO. O F  I ND.  VAR I AB LES 
R ESI DUAL D EG R EES OF F R E EDOM 
F-VALU E 
R ESI DUAL R OOT M EAN SQUAR E 
R ESI DUAL M EAN SQU A R E  
R ESI DUAL SU M O F  SQUAR ES 
TOTAL SUM O F  SQUAR ES 
M U L  T. CO R R E L .  COE F. SQUA R E D  

EXH I BIT C (MODEL C) 

L I N EAR LEAST-SQUAR ES CURVE F ITTING PROGRAM 

S.E. COEF.  

1 . 1 2D-01 
1 . 3 1 0-01  
3.79D-01 
3.48D-01 
5.2 1  D-01 

24 
5 

1 8  

T-VALUE 

2 . 1  
2.9 
1 . 1  
1 .9 
2.7 

1 62.3 
0.00935841 
0.00008758 
0.001 57644 
0.07265972 

.9783 

R ( I )  SQRD 

0.98 1 7  
0.8403 
0.8952 
0.9897 
0.5682 

MIN Y = 1.062D-00 MAX Y = 1 .261 0-00 RANGE Y = 1 .990D-01 

M I N  X ( I )  

- 1 .831 D-01 
- 9.027 D-02 
- 6.341 D-02 
- 1 . 1 33D-01 
- 4.004D-03 

MAX X ( I )  RANGE X ( I )  R E L. I N F .  X ( I )  

2.31 2D-01 4.1 43D-01 0.49 
5. 1 56D-02 1 .41 8D-01 0.27 
2.301 D-03 6.57 1 D-02 0. 1 3  
7 .01 9D-02 1 .835D-01 0.60 
1 .5 1 8D-02 1 .9 1 8D-02 0. 1 3  

Dependent Variable LOG ( D E,TI F R BT) 

I ndependent Variable 1 LOG ( F R BT) 
· 

2 LOG ( P E,TIGNPT) 

3 LOG (Pc,TIGNPT) 

4 LOG (P L,TIG NPT) 

5Ll.LOG ( Pc,TIGNPT) 



EXH I BI T  C (CONT'D.) 

L I N EAR LEAST-SQUARES CU RVE F ITTI NG PROG RAM 

R E L  PRICE MODE L  32 DEP VAR 1 :  L2/3 

COMPON ENT E F F ECT OF EACH VAR IABLE ON EACH OBSERVATION ( IN  UNITS OF Y) 
(VARIABLES ORDERED BY TH E I R  R E LATIVE I N FLU ENCE--OBSE RVATIONS ORDERED BY I N F LUENCE OF MOST 
I N FLUENTIAL VAR IABLE) 

VARIABLES 
SEQ. OBSV. 4 1 2 5 3 

L 1 0/ 1 3 F R B  L4/ 1 3  1 8 - 1 9  L7/ 1 3  
1 47 0.07 0.05 0.01 0.01 - 0.02 
2 48 0.07 0.04 - 0.03 0.01 - 0.01 
3 49 0.05 0.05 - 0.01 0.02 - 0.01 
4 50 0.04 0.03 - 0.0 1 0.00 - 0.01 
5 5 1  0.04 0.03 - 0.01 0.00 - 0.00 

� 6 52 0.03 0.02 - 0.01 0.00 - 0.00 � 
� 7 53 0.02 0.01 - 0.01 0.00 - 0.00 

8 54 0.02 0.02 - 0.01 - 0,01  - 0.00 
9 55 0.01 0.0 1 - 0.01 0 .00 - 0 .00 

1 0  56 0.00 0.01 - 0.01 0.01 0.00 
1 1  57 0.00 0.01 - 0.01 0.01 0.01 
1 2  58 - 0.00 0.01 - 0.00 - 0.01 0.01 
1 3  59 - 0.01 0.00 - 0.01 - 0.00 0.01 
1 4  60 - 0.01 - 0.00 0.00 - 0.01 0.0 1 
1 5  6 1  - 0.01 - 0.00 0.00 - 0.01 0.01 
1 6  62 - 0.02 - 0.01 0.00 - 0.01 0.00 
1 7  63 - 0.02 - 0.02 0.01 - 0.01 0.00 
1 8  64 - 0.03 - 0.02 0.01 - 0.01 0.00 
1 9  65 - 0.03 - 0.03 0.01 - 0.00 0.00 
20 66 - 0.04 - 0 .04 0.01 - 0.00 0.00 

21  67 - 0.04 - 0.04 . 0.01 - 0.00 0.00 

22 68 - 0.04 - 0.04 0.02 - 0.01 0.00 

23 70 - 0.05 - 0.04 0.03 - 0.00 0.00 

24 69 - 0.05 - 0.05 0.03 - 0.00 0.00 



EXH IBIT C (CONT'D.) 

L I N EAR LEAST-SQUAR ES CURVE F ITTING PROGRAM 

R E L  PRICE MODE L  32 DEP VAR 1 :  L2/3 

STANDARD DEVIATION ESTIMATED FROM R ESI DUALS O F  N E IGHBO R I NG OBSERVATIONS (OBSERVATIONS 1 TO 4 APART I N  F ITTED 
Y ORDER) .  

ORDE RED BY WSSD ORDERED BY F ITTED Y 
CUMULATIVE 

NO. STD DEV WSSD OBSV. OBSV. DEL R ESI DUALS WSSD DEL R ESIDUALS FITTED Y OBSV. SEQ. 

0.00 0. 1 2  67 66 0.00 0.90 0.01 1 .06 68 1 
2 0.00 0. 1 9  6 1  60 0.00 4.40 0.00 1 .07 69 2 
3 0.01 0. 1 9  69 70  0.01  0. 1 2  0.00 1 .07 67 3 
4 0.00 0.62 57 5 6  0.00 4.96 0.02 1 .07 66 4 
5 0.00 0.73 64 63 0.00 9.02 0.0 1 1 .07 70 5 

� 6 0.00 0.73 63 62 0.01 1 .00 0.01 1 .08 65 6 
� 
Vl 7 0.00 0.90 68 69 0.01 0.73 0.00 1 .09 64 7 

8 0.00 1 .00 65 64 0.01 0.73 0.01 1 . 1 0  63 8 
9 0.00 1 .04 68 70 ' 0.01 1 . 1 3  0.01 1 . 1 1 62 9 

1 0  0.01 1 .09 5 1  50 0.02 0 . 1 9 0.00 1 . 1 2  6 1  1 0  
1 1  0.01 1 . 1 2  66 65 0.01 1 .97 0.02 1 . 1 2  60 1 1  
1 2  0.01 1 . 1 3  62 6 1  0.01  4.38 0.03 1 . 1 3  59 1 2  
1 3  0.01 1 .58 53 54 0.01 2.37 0.00 1 . 1 4  55 1 3  
1 4  0.01 1 .60 67 m:; 0.00 4.93 0.00 1 . 1 5  57 1 4  
1 5  0.01 1 .61  52 5 1  0.02 7 .33 0.00 1 . 1 5  58 1 5  
1 6  0.01 1 .78 55 53 0.01 5 .83 0.00 1 . 1 5  56 1 6  
1 7  0.0 1  1 .79 68 67 0.01  1 .58 0.01 1 . 1 6  53 1 7  
1 8  0.01 1 .94 62 60 0.00 2.85 0.00 1 . 1 6  54 1 8  
1 9  0.01 1 .97 60 59 0.02 1 .6 1  0.02 1 . 1 8  52 1 9  
20 0.01 2 . 1 5  68 66 0.01 1 .09 0.02 1 . 1 9  5 1  20 
21 0.01 2.25 59 57 0.02 9.38 0.02 1 .20 50 21  
22 0.01 2.37 55 57 0.00 4.23 0.02 1 .22 48 22 
23 0.01 2.44 64 62 0.01 1 0.69 0.02 1 .24 49 23 
24 0.01 2.47 55 56 0.00 1 .79 0.01 1 .26 47 24 



EXH I BIT C (CONT'D.) 

L I N EAR LEAST-SQUAR ES CURVE FITTING PROGRAM 

R E L  PRICE MODEL 32 DEP VAR 1 :  L2/3 

ORDERED BY COMPUTER I NPUT ORDERED BY R ESI DUALS 
I D E  NT. OBSV. WS DISTANCE OBS. Y FITTED Y R ESI DUAL OBSV. OBS. Y FITTED Y ORDERED R ESID. SEQ. 

1 9  47 90. 1 .261 1 .256 0.005 5 1  1 .202 1 . 1 92 0.0 1 0  
1 9  48 82. 1 .229 1 .221  0.008 55 1 . 1 54 1 . 1 44 0.009 2 
1 9  49 67. 1 .221 1 .237 - 0.01 6 70 1 .082 1 .074 0.008 3 
1 9  50 39. 1 . 1 90 1 . 1 98 - 0.008 48 1 .229 1 .221  0.008 4 
1 9  5 1  29. 1 .202 1 . 1 92 0.0 1 0  64 1. 1 01 1 .094 0.007 5 
1 9  52 1 7 .  1 . 1 70 1 . 1 80 - 0.01 0  63 1 . 1 07 1 . 1 00 0.007 6 
1 9  53 9. 1 . 1 61 1 . 1 57 0.004 58 1 . 1 58 1 . 1 52 0.007 7 

f--1 1 9  54 9. 1 . 1 50 1 . 1 59 - 0.009 56 1 . 1 6 1 1 . 1 54 0.006 8 
f--1 

1 9  55 3. 1 . 1 54 1 . 1 44 0.009 57 1 . 1 55 1 . 1 49 0.006 9 0\ 
1 9  56 5. 1 . 1 61 1 . 1 54 0.006 47 1 .261  1 .256 0.005 1 0  
1 9  57 4. 1 . 1 55 1 . 1 49 0.006 61 1 . 1 25 1 . 1 20 0.005 11 
1 9  58 3. 1 . 1 58 1 . 1 52 0.007 53 1 . 1 61 1 . 1 57 0.004 1 2  
1 9  59 2. 1 . 1 1 7  1 . 1 33 - 0.01 6  60 1 . 1 28 1 . 1 25 0.003 1 3  
1 9  60 3. 1 . 1 28 1 . 1 25 0.003 68 1 .065 1 .064 0.001 1 4  
1 9  61  4 .  1 . 1 25 1 . 1 20 0.005 62 1 . 1 1 1  1 . 1 1 1  - 0.000 1 5  
1 9  62 7. 1 . 1 1 1  1 . 1 1 1  - 0.000 69 1 .062 1 .066 - 0.004 1 6  
1 9  63 1 1 . 1 . 1 07 1 . 1 00 0.007 65 1 .080 1 .085 - 0.005 1 7  
1 9  64 1 6. 1 . 1 01 1 .094 0.007 67 1 .065 1 .072 - 0.007 1 8  
1 9  65 23. 1 .080 1 .085 - 0.005 50 1 . 1 90 1 . 1 98 - 0.008 1 9  
1 9  66 33. 1 .062 1 .073 - 0.01 0 54 1 . 1 50 1 . 1 59 - 0.009 20 
1 9  67 36. 1 .065 1 .072 - 0.007 52 1 . 1 70 1 . 1 80 - 0.0 1 0  2 1  
1 9  68 50. 1 .065 1 .064 0.001 66 1 .062 1 .073 - 0.01 0  22 
1 9  69 61 . 1 .062 1 .066 - 0.004 49 1 .221 1 .237 - 0.01 6  23 
1 9  70 57. 1 .082 1 .074 0.008 59 1 . 1 1 7  1 . 1 33 - 0 .01 6  24 
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R E L  PRICE MODEL 8 DEP VAR 1 :  

I ND. VAR ( I )  

0 
1 
2 

NAME 

F R B  

NO. O F  OBSERVATI ONS 

COEF. B ( I )  

1 . 1 4062D-OO 
8.41 537D·01 

- 6.34748D-01 

NO. OF I N D.  VA R I ABLES 
R ESI DUAL D E G R E ES OF F R E EDOM 
F·VALU E 
R ESI DUAL R OOT M EAN SQUAR E 
R ESI DUAL M EAN SQU A R E  
R ES I DUAL S U M  O F  SQUAR ES 
TOTAL SUM O F  SQU A R ES 
M U L  T. CO R R EL.  COEF.  SQUA R E D  

EXHIBIT D (MODEL D) 

L I N EAR LEAST-SQUARES CURVE FITTI NG PROGRAM 

S.E. COE F. T-VALUE R ( I )  SQRD 

7.68D-02 
1 .78D-01 

24 
2 

21  

1 1 .0 
3.6 

478.8 
0.0 1 1 50263 
0.0001 3231 
0.00277852 
0.1 2948788 
0.9785 

0.9407 
0.9407 

MIN Y = 1 .037D-OO MAX Y = 1 .299D-OO RANGE Y = 2.61 2D-01 

MIN X ( I )  MAX X ( I )  RANGE X ( I )  R EL. I N  F .  X ( I )  

· 1 .831 D·01 2.31 2D·01 4.1 43D-01 
1 .835D-01 

1 .33 
0.45 · 1 . 1 33D·01 7 .01 9D-02 

Dependent Variable LOG D E ,T 
I ndependent Variable 1 LOG F R BT 

2 LOG (P L,TIG N PT) 
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EXH I BIT D (CONT'D.) 

L I N EAR LEAST-SQUARES CURVE F ITTI NG PROGRAM 

REL PRICE MODEL 8 DEP VAR 1 :  

COMPON ENT E F F ECT O F  EACH VAR I ABLE ON EACH OBSERVATI ON ( I N  UNITS O F  Y) 
(VAR IABLES ORDERED BY TH E I R  R E LATIV E  I N F LUENCE--OBSERVATIONS ORDERED BY I N F LU E NCE OF MOST 
I N F LU E NTIAL VARIABLE) 

VAR IABLES 
SEQ. OBSV. 1 2 

F R B  
1 69 0. 1 7  - 0.05 
2 70  0. 1 6  - 0.05 
3 68 0. 1 6  - 0.04 
4 67 0. 1 4  - 0.04 
5 66 0. 1 4  - 0.03 
6 65 0. 1 1  - 0.03 
7 64 0.08 - 0:03 
8 63 0.05 - 0.02 
9 62 0.04 - 0.02 

1 0  6 1  0.01 - 0.01  
1 1  60 0.01 - 0.01  
1 2  59 - 0.00 - 0.01 
1 3  57 - 0.02 0.00 
1 4  56 - 0.02 0.00 
1 5  55 - 0.03 0.01 
1 6  58 - 0.05 - 0.00 
1 7  53 - 0.05 0.02 
1 8  54 - 0.08 0.02 
1 9  52 - 0.08 0.03 
20 5 1  - 0.09 0.04 
2 1  50 - 0. 1 2 0.04 

22 48 - 0. 1 6 0.06 
23 47 - 0. 1 7  0.07 
24 49 - 0. 1 8  0.05 



EXH IBIT D (CONT'D.) 

L I N EAR LEAST -SQUARES CURVE F ITTING PROGRAM 

R E L  PRICE MODE L  8 DEP VAR 1 :  

STANDARD DEVIATION ESTIMATED FROM R ESI DUALS OF N EI GHBORING OBSERVATIONS (OBSERVATIONS 1 TO 4 APART I N  FITTED 
Y ORDER) .  

ORDERED BY WSSD ORDERED BY F ITTED Y 
CUMULATIVE 

NO. STD DEV WSSD OBSV. OBSV. DEL R ESI DUALS WSSD DEL R ESI DUALS FITTED Y OBSV. SEQ. 

0.02 0. 1 1  68 70 0.02 2 .88 0.02 1 .04 49 1 
2 0.01 0. 1 2  66 67 0.01 1 .87 0.02 1 .07 47 2 
3 0.01 0 . 1 4  57 56 0.00 1 0.94 0.01 1 .07 48 3 
4 0.01 0. 1 4  6 1  60 0.00 22.45 0.00 1 .09 50 4 
5 0.01 0,88 59 60 0.02 6.56 0.02 1 . 1 0  54 5 

� 6 0.01 1 .09 55 56 0.01 1 .94 0.02 1 . 1 1  5 1  6 
� 7 0.01  1 . 1 3  70  69 0.02 1 5 .67 0.02 1 . 1 1 52 7 1..0 

8 0.01 1 .61 59 61 0.02 2.92 0.02 1 . 1 2  58 8 
9 0.01 1 .64 54 52 0.01 3.67 0.01 1 . 1 3  53 9 

1 0  0.01 1 .79 68 69 0.00 1 .79 0.01 1 . 1 4  55 1 0  
1 1  0.01 1 .79 55 57 0.01 0 . 1 4  0.00 1 . 1 5  57 1 1  
1 2  0.01 1 .87 47 48 0.02 3.32 0.03 1 . 1 5  56 1 2  
1 3  0.01 1 .94 5 1  52 0.02 1 .6 1  0 .02 1 . 1 6  59 1 3  
1 4  0.01 2.06 67 68 0.01 0 . 1 4  0.00 1 . 1 6  6 1  1 4  
1 5  0.01 2.1 3 58 55 0.01 7 .42 0.00 1 . 1 6  60 1 5  
1 6  0.01 2.28 57 59 0.03 2.48 0.00 1 . 1 8  62 1 6  
1 7  0.01 2.48 62 63 0.00 3.97 0.00 1 .20 63 1 7  
1 8  0.01 2.88 49 47 0.02 6.74 0.01 1 .21  64 1 8  
1 9  0.01 2.92 58 53 0.02 7 .58 0.01 1 .24 65 1 9  
20 0.01 3.06 67 70  0.03 0. 1 2  0.01 1 .27 66 20 
2 1  0.01 3 . 1 5 66 68 0.01 2.06 0.01 1 .27 67 2 1  
22 0.01 3.32 56 59 0.03 0. 1 1  0.02 1 .28 68 22 
23 0.01 3.67 53 55 0.01 1 . 1 3  0.02 1 .28 70 23 
24 0.01 3.97 63 64 0.00 4.61 0.00 1 .29 69 24 



EXH I BI T  D (CONT'D.) 

L I N EAR LEAST-SQUAR ES CURVE FITTING PROG RAM 

R E L  PRICE MODEL 8 DEP VAR 1 :  

· ORDERED BY COMPUTER I NPUT O�DE RED BY R ESI DUALS 
I DENT. OBSV. WS DISTANCE OBS. Y FITTED Y R ESI DUAL OBSV. OBS. Y FITTED Y ORDERED R ESID.  SEQ. 

1 9  47 255. 1 .086 1 .066 0.02 1 47 1 .086 1 .066 0.02 1 

1 9  48 2 1 4. 1 .07 1 1 .074 - 0.003 70 1 .299 1 .279 0.020 2 

1 9  49 258. 1 .037 1 .040 - 0.003 56 1 . 1 63 1 . 1 48 0.01 5 3 

1 9  50 1 29. 1 .07 1 1 .086 - 0.01 5 57 1 . 1 59 1 . 1 46 0.01 3 4 

1 9  5 1  78. 1 . 1 1 8  1 . 1 1 1  0.006 58 1 . 1 29 1 . 1 1 7 0.0 1 2  5 

1 9  52 56. 1 . 1 01 1 . 1 1 4  - 0.0 1 3  5 1  1 . 1 1 8  1 . 1 1 1  0.006 6 

1 9  53 23. 1 . 1 26 1 . 1 31 - 0.005 64 1 .2 1 9  1 .2 1 5  0.005 7 

1-' 1 9  54 46. 1 .086 1 . 1 05 - 0. 0 1 8  61  1 . 1 63 1 . 1 60 0.003 8 
N 19 55 9. 1 . 1 42 1 . 1 40 0.002 63 1 . 1 98 1 . 1 95 0.003 9 
0 

1 9  56 4. 1 . 1 63 1 . 1 48 0.0 1 5  69 1 .293 1 .29 1 0.003 1 0  

1 9  57 3. 1 . 1 59 1 . 1 46 0.0 1 3  55 1 . 1 42 1 . 1 40 0.002 1 1  

1 9  58 1 7 . 1 . 1 29 1 . 1 1 7  0.01 2  60 1 . 1 63 1 . 1 61 0.002 1 2  

1 9  59 0. 1 . 1 4 1  1 . 1 55 - 0.0 1 5  68 1 .278 1 .279 . 0.000 1 3  

1 9  60 1 .  1 . 1 63 1 . 1 61 0.002 62 1 . 1 82 1 . 1 82 - 0.001 1 4  

1 9  61  2 .  1 . 1 63 1 . 1 60 0.003 48 1 .07 1 1 .074 - 0.003 1 5  

1 9  62 1 3. 1 . 1 82 1 . 1 82 - 0.001 49 1 .037 1 .040 - 0.003 1 6  

1 9  63 26. 1 . 1 98 1 . 1 95 0.003 53 1 . 1 26 1 . 1 31 - 0.005 1 7  

1 9  64 50. 1 .2 1 9  1 .2 1 5  0.005 65 1 .234 1 .241 - 0.007 1 8  

1 9  65 93. 1 .234 1 .241 - 0.007 67 1 .260 1 .269 - 0.01 0  1 9  

1 9  66 1 53. 1 .254 1 .268 - 0.01 5  52 1 . 1 01 1 . 1 1 4  - 0.01 3  20 

1 9  67 1 6 1 .  1 .260 1 .269 - 0.0 1 0  50 1 .07 1 1 .086 - 0 .0 1 5  2 1  

1 9  68 1 99. 1 .278 1 .279 - 0.000 59 1 . 1 4 1  1 . 1 55 - 0.01 5  22 

1 9  69 239. 1 .293 1 .291 0.003 66 1 .254 1 .268 - 0.01 5  23 

1 9  70 208. 1 .299 1 .279 0.020 54 1 .086 1 . 1 05 - 0.01 8  24 



APPEND I X  H 

MAJOR FACTORS IN  E LE CTRI C I TY DEMAND VARIAB I L I TY 

The f o l l owing t ab l e s  in this  Appendix ind i cate the var i ab i l i ty 
that m i gh t  b e  exp e cted in the future for var ious u s e s  o f  e l e c t r i c  
powe r . Tab l e  3 3  s hows e s t imated ranges  for s i gnifi cant app l i ca t i ons 
o f  e l e c t r i c ity for  the years 1 9 8 0  and 1 9 8 5 .  F i gure 3 and Tab l e  3 4  
show t rends o f  marke t s aturation f o r  maj o r  e l e ct r i ca l  app l i ance s .  

1 2 1  



TABLE 33 

SUMMARY OF SOME FACTORS AFFECTI NG E LECTRICI TY DEMAND PROJECTIONS 

Residential/Commercial 

Space Heating* 

1 97 0  
1 980 
1 985 

I nstallations 
(Mill ions) 

4.4 
8 - 1 2  

1 2 - 1 8  

Central Residential Air Conditioningt 

1 970 
1 980 
1 985 

I nstallations 
(Mill ions) 

7.0 
1 1  - 1 4  
1 4 - 1 7  

Residential Air Conditioning ( Room U nits):j: 

1 970 
1 980 
1 985 

I nstallations 
(Mill ions) 

24.5 X 2 = 49.0 
(40 - 50) X 2 = 80 - 1 00 
(50 - 60) X 2 = 1 00 - 1 20 

Efficiency Ranges- Room Un its 
Average Efficiency 1 970 

Annual Consumption/Unit 
( KWH) 

9,000 
1 2,000 
1 5,000 

Annual Consumption/Unit 
( KWH) 

4,900 
4,500 
4,500 

Annual Consumption/Unit 
( KWH) 

1 ,390 
1 ,390 
1 ,390 

Range of 
Potential Consumption 

(Bill ion KWH ) 

39.6 
96 - 1 44 
80 - 270 

Range of 
Potential Consumption 

(Billion KWH) 

34.3 
49.5 - 63.0 
63.0 - 76.5 

Range of 
Potential Consumption 

(Billion KWH) 

68 
1 1 1 .2 - 1 39 

1 39 - 1 66.8 

4:0 - 8.0 BTU/Watthour 
5.5 BTU/Watthour 

I f  un its in 1 980 and 1 985 were to have average efficiencies of 8.0 BTU/watthour, the ranges of potentia l , 
consumption, based on the un its projected above, could be : 

1 980 

1 985 

Lighting-Efficacy § 

I ncandescent 
60"watt, I nside frost 
1 00-watt, I nside-frost 
1 50-watt, I nside-frost 

F luorescent 
24", 20-watt Cool White 
48", 40-watt Cool White 
48", 40-watt Cool White Del uxe 
96", 2 1 5-watt Cool White 

5
·
5 

( ) 9 KWH 
8_0 

x 1 1 1 .2 - 1 39 = 76.5 - 5.6 B i l l ion 

�:� x ( 1 39 - 1 66.8) = 95.6 - 1 1 4.7 B i l l ion KWH 

Efficacy: Light Output, 
Lumens Lumens per Watt 

900 
1 ,700 
2,850 

1 ,220 
3,200 
2,250 

1 5,500 

1 2 2  

1 5  
1 7  
1 9  

6 1  
80 
56 
72 



Mercury 
400-watt Del uxe White 

H igh Pressure Sodium 
1 ,000-watt Lucalox I I  

Transportation 

Electric Road Vehicles * *  

1 980 
1 985 

Vehicles 
(Mil lions) 

0.4 - 1 .6 
1 .0 - 6.0 

Electric Railways (Freight)tt 

Estimated Ton Mi les ( Bi l l ion)  

TABL E  33 (Cont'd.) 

Light Output, 
Lumens 

1 9,200 

1 30,000 

Annual Consumption/Veh icle 
( KWH) 

1 0,000 
1 0,000 

Percent Carried on E lectrifiable Lines (Percent) 
E lectricity Consumption per 1 ,000 Ton M i l.es ( KWH ) 
Potential Electricity Consumption ( B i l l ion KWH )  

I ndustrial 

Electric Steel Production 

1 980 

1 ,000 
60 
30 
1 8  

Efficacy: 
Lumens per Watt 

48 

1 30 

Range of 
Potential Consumption 

(Billion KWH ) 

4 - 1 6  
1 0 - 60 

1 985 

20 - 25 

Assuming steel output grows @ 2.3 percent per year (sufficient to double production by 2,000 AD) ,  output 
in 1 985 would  be about 1 85 mi l l ion tons. Electric production could account for from 1 5  to 25 percent of this 
tota l .:f::i: 

At 500 KWH per ton of steel produced, a 1 985 range of potential electricity production would be : 1 85 
mi l l ion tons x (0. 1 5  to 0.25) x 500 KWH/ ton = 1 3.9 to 23. 1 Bi l l ion KWH 

* Annual consumption per unit, calculated from data reported in  the FPC Survey of All-Electric Homes, F PC R-77. Values 
for 1 980 and 1 985 are assumed to rise because of an increasing number of instal lations in  northern areas. 

t Average consumption per installation in 1 970 estimated on basis of the F PC survey. Values for 1 980 and 1 985 are as­
sumed to decline because of increased nu mber of installations in northern areas and in apartment dwel l ings. 

:j: Estimate of 2 units per household. Average number of households equipped in 1 970 from Merchandising Week maga­
zine. Constant efficiency assumed at 5.5 BTU/watthour. 

§ Better Light-Better Sight Bureau, E E l .  

I I  General Electric trade name. 

** Annual consumption assumes 1 KWH per vehicle mile and 1 0,000 miles per vehicle year. Source: According to P. D. 
Agarwal of General Motors, a ful l-sized U.S. car with air conditioning would require 0.5 KWH per mile of travel measured at 
the output of the electric motor. Assumrng motor and control efficiency at 70-percent battery drscharge efficiency at SO­
percent a nd charging efficiency at 9 0-percent, the requirement at the "wal l plug" would approximate '1 KWH per vehicle mile. 
See "Electric Car and Air Pollution" Pau l  D .  Agarwal ,  Society of Automotive Engineers, Automotive Engineering Congress, 
Detroit, Michigan (January 1 1  - 1 5, 1 97 1 ) ,  p. 4. 

tt Railroad Electrification Vol . 1 ,  Chapter 2, E E l ,  1 970. 

:j::j: Battel le Memorial Institute has estimated that in  25 years nearly half of the U. S. steel production will be electric. 

1 2 3  



TABLE 34 

PRODUCT SATURATION LEVELS 

Products 1963 1 964 1 965 1 966 1967 1 968 1969 1970 1971 1972 

Air Conditioners, Room 1 9.4 20.2 24.2 27.9 30.7 33.5 36.7 40.6 44.5 46.7 
Bed Coverings, E lectric 29.6 32.4 34.7 38.7 42.3 45.6 47.5 49.5 5 1 .1 52.7 
Blenders 9.9 1 1 .0 1 3.0 1 6.0 20.0 25.9 31 .7 36.5 40.0 4 1 .5 
Can Openers 1 5.0 1 9.7 24.7 29.8 34.5 39.4 43.2 45.5 48. 1  49.5 
Coffeemakers 65.5 68.5 7 1 .7 76.0 79.6 82.9 86.4 88.6 9 1 .0 93.1 
Dishwashers 9.0 1 1 .8 1 3.5 1 5.7 1 8.1 20.8 23.7 26.5 29.6 32.0 
Dryers, Clothes, E lec. & Gas 23.5 24.2 26.4 30.5 34.6 38.8 40.3 44.6 47.6 5 1 .0 
Disposers, Food Waste 1 3.4 1 3.5 1 3.6 1 5 .9 1 8.0 20.5 22.9 25.5 28.4 31 .9 
Freezers, Home 26.4 26.7 27.2 27.5 27.7 28.5 29.6 31 .2 32.7 34.3 
Fry pans 48.9 49.0 49.2 50.3 5 1 .8 53 .4 55.2 56.2 58.0 59.4 
Hotplates & Buffet Ranges 22.4 22.5 22.7 23.0 23.4 23.7 24.1 24.5 24.8 25.0 
I rons, Tota I 97.4 98.3 99.1 99.3 99.3 99.5 99.5 99.7 99.8 99.9 
I rons, Steam & Steam/Spray 70.6 73.9 77.5 8 1 .2 83.3 85.8 87.1 88.2 90.1 9 1 .4 

f-1 I Mixers, Food 68.3 70.4 72.8 76.0 78.5 80.5 81 .7 82.4 84.4 85.2 
N Radios 97.9 99.3 99.5 99.5 99.5 99.7 99.7 99.8 99.8 99.9 +:-

Ranges, E lec. Free-Standing 31 .7 3 1 .9 32.1 32.4 34.1 36.2 38.3 40.5 42 .6 44.1 
Ranges Elec. Built-in 8.4 9.5 1 0.3 12.2 12.9 1 3 .7 1 4.4 1 5 .0 1 5 .7 1 6.6 
Refrigerators 99.1 99.3 99.5 99.6 99.7 99.8 99.8 99.8 99.8 99.9 
Television, B&W 93.4 94.1 97.1 97.8 98.1 98.5 98.7 98.7 99.8 99.8 
Television, Color - 5.1 9.5 1 5 .0 26.2 35.7 38.2 42 .5 5 1 .1 60.7 
Toasters 79.9 8 1 .1  83.6 86.3 87 .6 89 .3 91 .0 92 .6 94.2 95.1  
Vacuum Cleaners 79.5 8 1 .2 83.5 85.6 87.0 89.1 90.7 92.0 94.4 96.9 
Washers, Clothes* 86.5 86.9 87.4 88.2 89.3 90.8 91 .9 92 .1 94.3 96.9 
Water Heaters, E lectric 22.9 23.2 23.4 24.7 26.1 27.8 29.6 31 .6 33.8 36.3 

(Base) 
Total Number 54,890,000 56,410,000 57,580,000 58,845,000 60,062,000 61 ,296,500 62,699,000 64,025,000 65,550,000 67,307,000 
Wired Homes ---* 20% of these households don't actually own washers but have access to them in basements of apartment houses. 

Note: Saturation - The percentage of U.S. homes with one or more of the products l isted. Theory - High saturation means good replacement sales, low saturation good initial sales. Replacement 
potential exists in coffeemakers, irons, radios, refrigerators, b/w tv, toasters, vacuum cleaners, and clothes washers. Still ripe for initial sales are dishwashers, food waste disposals, home freezers, 
hot plates, water heaters, and built-in electric ranges. Strong growth possibilities exist in color tv, blenders and room air conditioners. Saturation levels in the table above are to December 3 1  
o f  the year indicated. The saturation levels a s  o f  December 3 1 ,  1 973 are detailed in the saturation index o n  Figure 3. 

Source: Merchandising Week 1974 Statistical and Marketing Report. 



WI R E D  H O M ES WITH WI R ED H O M ES WITH O UT 
Nu mber % % Nu mber 

33,960,000 48.9 5 1 . 1  35,488,000 
37,433,000 53.9 46. 1 32,01 5,000 

29,793,000 42.9 57. 1 39,655,000 
35,21 0,000 50.7 49.3 34,238,000 

65,837,000 94.8 5.2 3,6 1 1 ,000 
23,821 ,000 34.3 65.7 45,627,000 

37,432,000 53.9 46. 1  32,01 6,000 

24,51 5,000 35.3 64.7 44,933,000 

26,321 ,000 37.9 62. 1  43, 1 27,000 

42,085,000 60.6 >= 39.4 27,363,000 
1 7.43 1 ,000 25. 1 74.9 52,017,000 

69,379,000 99.9 0. 1 69,000 
64,795,000 93.3 6.7 4,653,000 
60,628,000 87.3 1 2.7 8,820,000 
69.�79,000 99.9 0. 1 69,000 

32,224,000 46.4 53.6 37,224,000 
12,01 5,000 1 7.3 82.7 57.433,000 
69,379,000 99.9 0. 1 69,000 
69,379,000 99.9 0. 1 69,000 
46,600,000 67 . 1  32.9 22,848,000 
67,01 7,000 96.5 3.5 2,431 ,000 
67,7 1 2,000 97.5 2.5 1 ,736,000 
67,900,000 97.8 2.2 1 ,548,000 

26.460,000 38.1 61 .9  42,988,000 
Note: All figures based on 69,448,000 domestic and farm electric customers. 

* 20% of these h ouseholds don't actual ly  own washers but have access to use them in basements of apartment houses . 
• 

SOU R C E :  Merchandising Week 1974 Statistical and Marketing Report. 

F i gur e 3 .  S a turat ion I ndex for Key Produc t s  ( a s  o f  
D e c emb er 3 1 , 1 9 7 3 ) . 
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I NTRODUCT I ON 

CHANGES I N  ENERGY REQU I REMENTS 
THROUGH EFF I C I ENCY CHANGES 

APPENDIX I 

This  App endix a t t emp t s  to  analy z e  change s  in pr imary fo s s i l - fuel  
requiremen t s  caus e d  by changes  in e f f i c i ency in  us e .  There  are  two 
s eparate areas  where  e f f i c i ency can change s i gn i f i cant ly : ( 1 )  in 
chem i cal tran s format ion and ( 2 )  through improved energy conve r s i on 
devi c e s . The former concept has had l argely an academic meaning in 
the p er io d  up through 1 9 7 0  in that we have dep ended on natural sup ­
p ly - - e . g . , natural gas , natura l  gas l i quids  and petro l eum . 

As s hown in Tab l e 3 5 , re f ining l o s s e s  do o c cur for p e t ro l eum when 
i t  i s  converted into pr ime fue l s . I t  i s  e s t imated that the manufac ­
ture o f  p r ime fue l s , vi z .  gas o l ine and No . 2 d i s t i l l ate , r e qu i r e s  
b e tween 1 0  and 1 5  p er c ent o f  t h e  o r i g inal crude ene rgy - - mo r e  f o r  gas ­
o l ine b e caus e  more s t ep s  are invo lved . In  general , mo re  energy i s  
requ i r ed t o  make l i ghter fue l  product s . 

The l ack o f  hydro g en in coal  means that in conve rt ing coal  to  
products r i ch in hydro g en , s uch as methane , d i s t i l lat e s , e tc . , a 
s i gn i f i cant p o r t ion o f  the coal  mus t  b e  burned to  supply the energy 
to  make hydr o g en . Th i s  i s  mainly a s t o i chiome tr i c  and the rmo dynam i c  
cons train t . T e chno l o gy improvements  c anno t s i gn i f i cantly change this  
s i tuat i on . However , excy l l ent engineer ing of  heat tran s fe r  e quip ­
ment , re covery o f  heat through mo re  exp eps ive t e chn i que s , e t c . might 
a l l ow the e ff i c i ency o f  coal  conver s ion to  methane to incr e a s e  up 

TABLE 35 

R EF I N I N G  OR E FF ICI ENCY OF CONVE RSION OF 
FOSSI L FUELS - COLD PRODUCT E F FICI E NCY 

I nitial 60° API 30° API 5° API 
E nergy Form Methane Gasol ine Distillate Distillate 

LPG 94 

Naphtha 9 1  98 

Residue - 3-percent Sulfur 82 78 75 92 

Crude Oi l  -; 2-percent Su lfur 84 85 90 

Coal - 3-percent Sulfur 68 65 75 80 

Bitumen from Tar Sands 82 78 75 92 

Shale Coker D isti l late 86 85 90 

* I ncludes sensible lieat. 

1 2 7  

Low BTU Gas 
1 50-250 BTU/SCF* 

95 

95 

93 

95 



to  7 2  to 7 5  p e r cent . The 6 8 - p ercent e ffi c i ency l evel  no t ed in  
Tab l e  3 5 , howeve r ,  m i gh t  rep r e s ent a comp romi s e  that could b e  
achi eved by 1 9 8 5 . I f  the need for hydro gen can b e  byp a s s ed ,  a s  in 
the manufacture o f  producer gas (CO , H2 , CH4  mixtur e s ) ,  the thermal 
e f f i c i ency is very h i gh .  The l o s s e s  would repres ent mainly radi a t i o n  
l o s s e s and ene r gy l o s t  through s ens ib l e  heat in t h e  ash . 

Ene r gy conver s ion dev i c e s  such as thermion i c s , MHD , fue l  c e l l s , 
e t c . have b e en examined in a s tudy by the New Energy F o rms Task 
Gr oup , and r e a s ons  have been g iven as to why none o f  the s e  dev i c e s  
can have any s i gn i f i cant impact b e fore  1 9 8 5 . * One ene rgy conver ­
s i on dev i c e  do e s  promi s e  s i gn i f i cant improvement in e f f i c i ency in 
the 1 9 7 2 - 1 9 8 5  p er i o d . Thi s  is the comb ined cyc l e  whi ch emp l oys a 
gas turb ine and s t e am turb ine to g enerate e l e ct r i c  p ower . The pro ­
j e cted  e f f i c i ency coul d reach a po t ent i a l  o f  4 8  percent by 1 9 8 5 .  
Th i s  would b e  through improved tol erance o f  g a s  turb ine s to inl e t  
g a s  t emp eratur e .  I ndu s t r i a l  gas turb ine s  now have t emperature t o l ­
erance o f  1 , 6 0 0  t o  1 , 7 0 0 ° F . Air craft - type turb ines have the capab i l ­
ity o f  re aching 2 , 0 0 0  to  2 , 2 0 0 ° F  for p e ak ing - type duty . I f  a b as e ­
l o aded gas  turb ine cou l d  t o l erate a 2 , 1 0 0 ° F  t emp erature , th e e ffi ­
c i ency o f  the comb ined cycl e  �ou l d  be about 4 5  percent . Low - c o s t  
g a s  turb ine s  u s ed i n  comb ined - cyc l e  p l ant s are avai l ab l e  from four 
manufactur e r s  in the Uni t e d  State s . The s e  turb ines h ave heat r a t e s  
o f  about 9 ,  4 0 0  BTU ' s  p e r  KWH . I n l e t  gas  t emp erature s  ·t o  the gas 
turb ine are confined to  about 1 , 5 5 0  to 1 , 6 0 0 ° F . Howeve r ,  in Jap an , 
heat r a t e s  o f  8 , 5 0 0 ° F are already achi eved w i th comb ine d - cy c l e  
p l ant s . 

· 

H i gh - t emp erature gas  turb ines m i ght no t b e  s imul t aneous l y  to l ­
erant to h i gh t emp e r ature and corros ive chem i ca l s . However , a p ro ­
ducer gas c an b e  made in a gas i fi e r  with removal o f  the corro s ive 
e l ements p r i o r  to inl e t  to  the turbine s . H i gh e ff i c i ency is  then 
p o s s ib l e  with d ir ty fue l s  such a s  coal , r e s i dual  fue l s , coke , e t c . 
We c an con s i d e r  the general case  o f  s ome ene rgy convers ion dev i c e  
b e ing ava i l ab l e  by 1 9 8 5  which would have the capab i l i ty o f  con­
vert ing coal  to  e l e c tr i c i ty at an e ff i c i ency of  about 48  p e r c ent 
(heat rate = 7 , 0 0 0  BTU ' s per KWH) . 

I t  i s  r e l a t ively un impor tant in this  ana lys i s  as to the exact 
nature of the ene rgy convers i on devi c e . I t  could be a MHD - topp e d  
Rank ine cyc l e ,  a thermioni c - topped Rankine cyc l e , a fue l  c e l l  o r  a 
comb ined Brayton - Rankine cyc l e . At this  wr i t ing , the l a tter  dev i c e  
s e ems to have the greater  chanc e f o r  ach i eving t h e  s t atus o f  com­
merc i a l  ava i l ab i l ity in 1 9 8 5 . 

Be cau s e  o f  the  l arge  gene rat ing cap a c i ty having a l ow e f f i c i ency 
now in u s e  and ab out to  b e  ins t a l l ed , i t  wi l l  b e  many years after 
1 9 8 5  b e fo r e  a s i gn i f i c ant imp rovement in average effi c i ency in the 
U . S .  can o ccur . (Th i s  wi l l  b e  proved w i th examp l e s  in a l a t e r  
s e c t i on . ) Howeve r ,  f o r  pres ent purpo s e s  w e  wi l l  i dent i fy t h e  p e r ­
i o d  when the heat  rate  reache s 7 , 0 0 0  as  "po s t - 1 9 9 0 . "  The h e a t  
rate  in  1 9 7 2  i s  t aken as 1 0 , 6 6 6  BTU ' s  p e r  KWH . Nuc l ear power 

* S e e  NPC ,  U . S .  Energy Ou t l o o k - -New Ene r gy Forms (Mar ch 1 9 7 4 ) . 
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p l an t s  are no t con s i dered in t h i s  analys i s , s ince they are uni que . 
Al l o f  the nuc l e ar energy generated wi l l  b e  converted d i r e c t l y  to  
e l e ct r i ca l  power , although opt ions ex i s t  for convert ing fo s s i l  
fue l s  t o  e i ther e l ectr i c  powe r o r  re fined fue l s . 

CHANGES I N  COMMERC IAL SECTOR 

I :  F o s s i l  Fue l Versus  E l ec t r i c i t  
(Warm C l imate s  

G as engine s can b e  u s e d  wi th o r  without h e at recovery t o  run 
ab s orp t ion a i r - condi t ioners . Thi s  can be  i l lus trated by re cent da­
t a  from the  county government comp l ex o f  P ima County , wh i ch inclu�es 
the c i ty of Tucs on . The gove rnment complex cons i s ts o f  a 1 0 - s t o ry 
adm in i s trat ive bui ld ing , a h e a l th and we l fare bu i ld ing , p arking 
garage , e t c . 

The s y s t ems coniide red  by the consul t ing eng ine ers  inc lude d : 
( 1 )  e l e c t r i c  mo t o r  dr iven centr i fugal ch i l l e r s  ( 2 )  gas engine 
dr iven centr i fug a l  chi l l e r s  and ( 3 )  gas eng ine dr iven centr i fugal 
chi l l e r s  w i th r e c l aime d engine heat ava i l ab l e  to  power an ab s o rp ­
tion  chi l l er for add i t ional  r e fr i ge rat io� e f fect . Us ing data pro ­
vided by the cons u l t ing eng ine ers  for this  bu i l d ing comp l ex ,  the 
quant i t i e s  of p r imary ene rgy that wou l d  be  required  by the d i fferent 
sys t ems are compared in Tab l e  3 6 . 

TABLE 36 

MONTHLY AN D ANNUAL EN E RGY R EQUI R EMENTS 
(MM/BTU's) 

E lectric Gas Engine Gas E ngine 
Motor Driven With Heat 

Month Driven Chiller* Chiller Recovery 

January 725 570 420 

February 940 732 567 

March 1 3 1 0  1 040 787 

Apri l 1 920 1 490 1 1 60 

May 2470 1 925 1 490 

June 3035 2380 1 830 

July 3480 27 1 0  2 1 00 

August 331 0 2670 2000 

September 2920 2360 1 825 

October 2240 1 735 1 340 

November 1 360 1 060 820 

December 905 705 543 

Total 24,61 5  19,377 14,884 
* Assu ming heat rate of 1 0,666 BTU's/KWH. 
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The heat rate  o f  e l ec trical  g enerat i on was a s s umed to b e  
1 0 , 6 6 6  i n  c o lumn 1 ,  o r  an eff i c i ency o f  3 2  p ercent . I f  w e  as sume 
that e l ec t r i ca l  g enerat ion could r e ach the e ffic i ency l evel of 4 8  
p e r cent p o s t - 1 9 9 0 , sub s tant ial ly l e s s  energy would b e  required  o n  an 
annual b a s i s  i f  a l l - e l e c t r i c  sys t ems were used . Th i s  comp ar i s on i s  
s hown in Tab l e  3 7 . The comp ar i s on s hown i n  this  tab l e  as sume s that 
gas would have to be made from coal at a thermal e f f i c i ency of 6 8  
per cent . Accordingly , the comp l ex in Tuc son , Ar i z ona would require  
only 57  per c ent of  the  coal  energy if  an e l ec t r i c  sys t em we re  bui l t . 

C a s e  Study I I : Heat Engin e s  V e r s u s  E l e c t r i c  Mo tors  in Large Scale  
Space Coo ling 

A de t a i l e d  analys i s  o f  the energy required for large s ca l e  air ­
cond i t i on ing e quipment has recently b e en made at Southern Me thodi s t  
Unive rs i ty ( SMU ) . I n  the SMU s tudy , c ar e ful o b s e rvat ion was made 
o f  the operation o f  two 2 , 0 0 0 - ton r e fr i geration mach ine s , b o th o f  
t h e  s ame manufac ture and prac t i c a l ly ident i cal except f o r  t h e  drive . 
One sys t em was s t e am dr iven , and the o ther was e l e ct r i c  mo t o r  dr ive . 

Al l o f  the energy consumed in the form o f  natur al gas was care ­
ful ly me t e r e d  over a 6 - month p e r io d . Al s o , for e l e c t r i c  power con ­
s ump t ion , m e t e r s  wer e  u s e d  to  record main power e l e c t r i c i ty p lus 
that r e quired  for aux i l i ar i e s , pump s , e t c . The resul t s  as r e c ently 
pub l i shed by SMU are compared in Tab l e  3 8 . The energy required  for 
the e l e c t r i c  mo tor  was calculated on the bas i s  of 1 0 , 6 6 6  BTU ' s  p e r  
KWH . I t  i s  c l ear from the above comp ar i s on that the e l e ct r i c  mo tor ­
driven , l arge - s c a l e  r e fr i gerat ion uni t  has a thermal e f fi c i ency 
4 to 5 t imes  that o f  the natural gas s t e am - dr iven system . Thi s  e f ­
f i c i ency advantage would increas e from a fact o r  o f  4 - 5  i n  1 9 7 2  to 
8 - 9  po s t - 1 9 9 0  in favo r of the e l ec t r i c  dr ive . The latter  as s ume s 
synthe t i c  g a s  from coal and an improvement in e l e ct r ical e ffi c i ency 
from 3 2  p e rcent in 1 9 7 2  to 4 8  per cent p o s t - 1 9 9 0 . 

TABLE 37 

COMPARISON OF ENERGY R EQUI R EMENTS I N  DI F F E R ENT SYSTEMS 
1 972 VERSUS POST-1990 

1 972 

Electric Motors 

Gas E ngines 

Gas Engines with Heat Recovery 

Post-1 990 

E lectric Motors 

Gas Engines 

Gas Engines with Heat Recovery 

1 3 0  

ANNUAL BTU (x 1 061 

24,6 1 5  

1 9 ,377 

14,884 

1 6,41 0 

28,495 

2 1 ,888 



( 
TABLE 38 

COMPARISON OF GAS AND E LECTRI C  SYSTEMS 

Gas-Steam Turbine System Electric Motor System 

Refrigeration R equired Refrigeration Required 
Month Produced, Ton-Hrs. BTU/Ton-Hrs. Produced, Ton-Hrs. BTU/Ton-Hrs. 
--

May 5 1 8,046 68,3 1 0  935,037 1 3,1 08 

June 598,792 55,340 929,750 1 2,831 

July 725,958 55,990 1 ,1 03,552 1 2 ,596 

August 1 ,332,425 40,420 ' 634,374 1 3,524 

September 656,9 1 3  61 ,6 1 0  1 ,022,9 1 0  1 2 ,909 

October 1 5 1 ,0 1 8  1 9,490 789,4 1 1 1 4, 1 64 

TABLE 39 

OBSERVED ANNUAL E N E RGY CONSUMPTION 

Project 1 2 3 4 -- -- --

Area, square feet 200,000 74,000 1 6 1 ,000 80,000 

Electricity, KWH/sq. ft. 22.2 25 .2 23.3 2 1 .7 

Fuel for Electricity* 240,000 272,500 252,000 235,000 

Other fuel 66,200 1 05,000 60,500 2 1 7 ,000 

Total 306,200 377,500 31 2,500 452,000 
Relative Efficiency 1 00 8 1  98 67 

* Heat rate = 1 0, 833 BTU/KWH as used in this table. 

C a s e  S tudy I I I : E f f i c i ency o f  Energy Conve r s ion  i n  Commer c i a l  
Off i c e  Bui ldings · 

A re cent ar t i c l e  in the A SHRAE JOURNA L has g iven a l i s t ing o f  
annual energy requiremen t s  for a numb er o f  commer c i a l  o ff i c e  bui l d ­
ings . * The s e  d a t a  ar e s hown in Tab l e  3 9 . Proj e c t  4 i n  t h i s  t ab l e  
h a s  an ab s orp t i on r e fr i geration and g a s  heat ing sys t em . Al l o f  the 
o th e r s  have e l e c t r i c  r e fr i gerat ion and gas heat ing . D irect  comp ar i ­
s ons are no t po s s ib l e  according t o  the A SHRA E  JO URNAL ar t i cl e , b e ­
c au s e  o f  var i a t i on s  i n  o c cup ancy leve l s , cond i t ion o f  equ ipment , 
we ather exp e r i ence  and vent i la t i o n  sys t em qual i ty .  However , ther e  
i s  t he sugge s t i o n  that the bui lding s  us ing a greater  fract ion  o f  
the i r  energy a s  e l e ct r i c  power are mor e  e f f i c i ent . 

* Ame r c i an S o c i e ty o f  He at ing , Re fr i gerat ion and Air - Cond i t i oning 
Eng i ne e r ing , A SHRA E  JOURNAL (Septemb er 1 9 7 1 ) , pp . 6 4 - 7 2 .  
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The e ff i c i ency fac tors  can be  extrap o l ated to p o s t - 1 9 9 0  a s suming 
an incr e a s e  i n  the e l e c tr i ca l  e f fi c i ency to 4 8  percent . The gas  r e ­
qui r ement , s ince i t  i s  made from coal , has an e ff i c i ency o f  6 8  p e r ­
c ent . Bui l dings whi ch us e a larger frac t i on o f  the i r  ene r gy as gas 
woul d tend to  decreas e in effic i ency whi l e  bu i l dings with a 
larger  frac t i on o f  e l ectric  energy woul d  increase  in e ffic i ency . 

Project 1 

Project 2 

Project 3 

Project 4 

TABLE 40 

1 972 E N E RGY CONSUMPTION -- PROJECTED BEYOND 1 990 

Relative 
Efficiency 

1 972 (Percent) Post-1990 

306,000 BTU's 1 00 252,000 

377,000 BTU's 8 1  330,000 

3 1 2,000 BTU's 98 252,000 

452,000 BTU's 67 472,000 

Relative 
Efficiency 
(Percent) 

1 21 

99 

1 20 

64 

Ca s e  S tudy IV : An Examinat ion o f  Fo s s i l  Fue l - - E l ec t r i c  Ener gy 
Var i a t i ons for Large  Comme r c i a l  Bui l dings 

The arti c l e  r e ferred to  in the C a s e  I I I  s tudy has a l s o  provided 
s ome energy b a l anc e s  for the de s i gn of a large comme rc i a l  bui l ding 
in Chicago . Inasmuch a s  thi s  location  is in an area with a h i gh 
heat ing l o a d  ( 6 , 1 5 5  annual degr e e  days ) th i s  case  s tudy s hould t end 
to s how advant a g e s  of heat ing in favor of gas . Compara t ive data 
are shown in Tab l e  41 for the 1 9 7 2  s i tuat ion . Cond i t ions at this  
t ime inc lude the  bas i c  as sump t i ons of  natural  gas ava i l ab i l i ty and 
an e l e c t r i c a l  e f f i c i ency of 3 2  p e r c ent for Chicago . I t  can b e  s e en 
that the g a s  he a t ing cas e s  r e s u l t  in the l owe s t  pr imary ener gy con­
s ump t i on . 

TABLE 41 

COMPAR ISON OF FUEL USAGE I N  VAR IOUS E N E RGY SYSTEMS -- 1 972 

Gas Heat Gas Heat 
All Absorption E lectric 
Gas* Refrigeration Refrigeration 

Electricity, KWH Use 3,562,61 0 3,562,6 1 0  4,1 1 4,098 

Fuel for Electricity, MM BTU 50,600t 38,600 44,600 

Boi ler Fuel, MM BTU's 1 5,000:f 3,325 1 ,569 

Total, MM BTU's 65,600 41 ,925 46,169 

* Estimated 
t Assumes heat rate of 14,240 BTU/KWH for on-site heat engine. 

All 
E lectric 

7 ,093,435 

76,900 

76,900 

:j: Forty percent of cooling load is heat recovered from engine; 60 percent of heating load is heat recovered from engine. 
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The a l l - g as bui l d ing was not cons i dered in the a r t i c l e ; however , 
e s t ima t e s  have b een made as shown in column 1 o f  Tab l e  4 1  for an 
a l l - ga s  buil d ing o r  t o t a l  energy (TE ) p l ant . The amount o f  p r imary 
energy us ed by the TE p l ant is not s i gn i f i c antly di fferent from the 
a l l - e l e c t r i c  bu i l d ing . Thi s  r e s u l t s  from the fac t that the des i gn 
bui l d ing has an extremely h i gh l i ght ing load ( 5 . 0  wat t s  per  s quar e 
roo t ) . Al s o  a cons i derab l e  power l o ad ing for fans , b l owers , pump s , 
e t c . , are  a part o f  a l arge bu i l ding comp l ex . Becaus e the e f f i c i ency 
o f  an on - s i t e  eng ine wou l d  typ ical ly be l ow ( 1 4 , 0 0 0  to 1 7 , 0 0 0  BTU ' s  
p e r  KWH ) , the power l o ad can be  generated o ff - s i t e  at cons i derab ly 
h i gher  e ffi c i ency . I n  the compari son , o ff - s i t e  e l ec t r i c i ty has a 
heat rate  o f  1 0 , 8 3 3  BTU ' s  p er KWH . Even though the TE p l ant would 
recover s ome eng ine wa s t e hea t  to supply the  heat ing and coo l ing 
load , the h i gh power load rul e s  aga ins t any s i gn i f icantly improved 
e f fi c i ency over a l l - e l ec tr i c  fo r TE . As s t ated  in the earl i e r  r e ­
p o r t s , T E  can only have high  e ffic i ency when he at ing lo ads are high 
and e l e c t r i c  l o ads are low . The reverse  s e ems to be  true in mo s t  

· 

l arge  comme rc i a l  bui l d ings . 

With the s ta t e d  changes in effic i ency for p o s t - 1 9 9 0 , the r e l a t ive 
amoun t s  o f  p r imary en ergy requi red  by the s everal ene rgy - op t i ons 
wou l d  s h i ft t o  the values s hown in Tab l e  4 2 . The bu i l ding de s i gns 
us ing gas  fo r heat ing r e s u l t  in the lowe s t  pr imary energy require ­
ment s . Presumab ly , the a l l - e l ec t r i c  bu i l ding employs re s i s tance 
he a t ing . I f  he at pump s were emp l oye d , the a l l - e l e c t r i c  r�qui r ement 
should be cons i derab ly reduced , p e rhap s to a l eve l of about 4 0 , 0 0 0  
MM BTU ' s p er year . 

CHANGES I N  RES I DENT I AL ENERGY CONSUMPT I ON 

I t  i s  d i fficu l t  t o  i s o l at e  the impact  o f  t e chno l o gy on e f f i c i ency 
b ec au s e  energy cons ump t i on in home s w i l l  vary with the l ocal weather , 
s i z e  o f  home , insu l a t ion s tandards , cons truc t i on ,  d i r e c t i on o r ienta­
t ion , window area and t emp erature o f  the  o ccup i ed space . To arrive 
at s ome bas i s  for evaluat ing changes  in t echno l o gy , gas consump t ion 
p a t t e rn s  for 1 6  c i t i e s  were obtained from the Ame r i can Gas As s o c iat ion 

1 972 

Post-1 990 

TABLE 42 

EN ERGY CONSUMPTI ON PROJECTE D BEYOND 1 990 
( MM BTU) 

I I  I l l  
Gas Heat Gas Heat 

Absorption E lectric 
All Gas Refrigeration Refrigeration 

65,600 41 ,925 46, 1 69 

96,300 30,590 32,0 1 0  

1.3 3 

I V  

All 
Electric 

76,900 

5 1 ,200 



(AGA) da t a  des crib ed in Tab l e  4 3 , and thre e  var i a t i ons o f  gas - heated 
homes were  compared : ( 1 )  spac e heating only ; ( 2 )  space heat ing , 
rang e , wa t er heater , c l o thes dryer ; ( 3 )  c omp l ete  gas home with air ­
cond i t i on ing . The e ffic i ency o f  convers i on in home - typ e uni t s  was 
a s s umed t o  b e  the fo l l owing : 

• Spac e  heat ing , gas  

• Air - condi t i on ing , gas 

• Spa c e  heating , e l ectric  

• A i r - condi t i oning , e l ec t r i c  

7 0  p ercent 

3 5  percent 

1 0 0  p ercent 

2 0 0  p ercent . * 

The above p ercentages  are b e l i eved to  b e  averag e  values that 
wou l d  p r eva i l  on an annual bas i s . No doubt , s ome typ e s  o f  ab s o rp t ion 
direct g a s - fired  a i r - cond i t i oning un i t s  have 4 5 - to 5 0 - p ercent e f ­
f i c i ency a t  ful l  l oad . However , a t  4 0 - to  5 0 - percent l o ad ,  the 3 5 -
p e r c ent value i s  b e l i eved t o  b e  typ ic a l  o f  home uni t s . 

TABLE 43 

ESTI MATED GAS CONSUMPTION FOR 
AVERAGE SING LE-FAMI LY DWELLING 

1 969 Gas Consumption 
Average Average 

Gas Cost* Degree A :f  B §  
(Dollar/Therm) Days t (Therms/Yr.) (Therms/Yr.) 

Boston 0 . 1 8 1  5,625 1 ,080 1 ,5 1 5  
New York City 0 . 1 32 4,858 930 1 ,405 
Baltimore 0. 1 37 4,965 950 1 ,370 
Phi ladelphia 0 . 1 48 4,824 925 1 ,400 
Pittsburgh 0.095 5,291 1 ,0 1 5  1 ,490 
Cincinnati 0.086 4,806 920 1 ,400 
Detroit 0.089 6,232 1 ,1 95 1 ,675 
Chicago 0. 1 06 6,1 55 1 ,1 80 1 ,660 
Kansas City, Mo.  0.069 4,7 1 1 900 1 ,365 
Houston 0 . 1 06 1 ,367 260 705 
Dal las 0.081 2,331 445 890 
Atlanta 0.096 3,1 98 6 1 5  1 ,035 
Los Angeles 0.090 1 ,728 330 825 
San Francisco 0.077 4,070 780 1 ,270 
Memphis 0,072 3,232 620 1 ,1 1 0  
Denver 0.067 6,1 74 1 ,1 85 1 ,720 

* Calculated from sales and revenue data supplied to American Gas Association on uniform statistical report. 
t As reported to American Gas Association by companies. 
:f Space heating only. 
§ Space heating range, water heater, and clothes dryer. 
I I  All-gas home, including air conditioning (excluding gas l ight, grilles and incinerators.) 

c II 
(Therms/Yr.) 

2,265 
2 , 1 00 
2,070 
2 ,095 
2 , 1 85 
2 ,300 
2 ,525 
2,5 1 0  
2 ,590 
2,860 
2,805 
2,950 
1 ,905 
2 , 1 85 
2 ,5 1 5  
3,1 55 

* Typ ical  mo t o r - dr iven a i r - condi t i oners consume from 1 . 2  to  1 . 8  
KWH per  1 0 , 0 0 0  BTU ' s  o f  s en s i b l e  heat remove d . The average effi c i ency 
at the po int of consumpy ion thus works out to be ab out 2 0 0  p e r c ent . 
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Energy consump t i on patt e rns for pro c e s s  heat l oads in the horne 
we r e  t aken from AGA publ icat ions and data pub l i shed by the EE l . 
Pro c e s s  he a t  load  for an averag e gas horne i s  4 3 5  therrns p er year . 
The energy r e quirement for an e l ectric  horne i s  7 4 5  therrns per  year . 
Thi s  va lue wa s c a l culated  from the av erage KWH - data r eported  by E E l  
and w a s  converted to  therrns us ing t h e  h e a t  rate  o f  1 0 , 6 6 6  BTU ' s  per  
KWH . 

I na smuch a s  both gas  and e l ectr i c  homes have an addi t i onal 
l o ad fo r l ight ing , r e fr i g e ra to r , t e l evis ion and smal l app l i anc e s , 
i t  i s  nec e s s ary to  add an add i t i onal 4 0 0  therrns per  year to  the re ­
qu i r ements  for each horne . Thi s  i s  r e ferred to as bas e  l o a d  requi re ­
men t s  o r  p ow e r  l o a d  r e qui r ement s .  I n  this  manner we have divided 
energy consump t ion in home s into 4 catego r i e s : ( 1 )  p ro c e s s  heat , 
( 2 )  space  heat ( 3 )  space  coo l ing and ( 4 )  power load . Thi s  p ermi t s  
a mo r e  l o g i c a l  d i s cu s s i on o f  e ffic i ency o f  energy conver s i on and 
al l ows us to r e l a t e  the typ e s  of ene rgy usage  in home s to tho s e  
whi c h  occur i n  indus t r i a l  and commerc ial  marke t s . 

Us ing gas  consump t i on data as supp l i e d  by the AGA for 1 6  c i t i e s  
acro s s  the Un i t e d  Stat e s , F i gur e 4 has b e en p l o t t e d  with annual 
requ i r e d  therrns a s  a func t ion o f  annual de gree  days . I t  i s  c ommonly 
r e c o gn i z ed tha t  ene rgy r equirement s for space heat ing is l inear ly 
r e l a t ed to  annua l degree  days . (Ther e  i s  a sugg e s t ion that the 
data g iven by the AGA were obtained from s ome k ind o f  chart , s ince 
the energy requ i r ements  for space heat ing for all 1 6  c i t i e s  
a g r e e s  we l l  with t h e  s trai ght - l ine r e la t i on s h ip . )  Fur thermo r e , 
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F i gure 5 s hows the var i a t i ons in annual ene rgy requiremen t s  t hrough ­
out the country . Energy used  for heating var i e s  with nearne s s  to  
mounta ins , l arge  inl and l akes  and the s ea shore . The h i ghly popu­
lated b e l t  r e g i ons - - Ch i P i t t s  and Bo s Wash - - a l s o  l i e  a l ong ar eas  
where  the annual degree  days are h i gh , thu s  acc ount ing for the sub ­
s tant i al energy r equi rements o f  the s e  r e g i ons . 

Us ing the g a s  consump t ion da ta for vari ous homes acro s s  the 
Uni t e d  S t a t e s , comp arab l e  data have b e en ca l culated for e l ec tr i c  
home s . The c a l cu l at e d  energy consump t i on fo r e l ectric  homes  i s  
s hown i n  F i gure 6 .  Thi s inc ludes the 4 0 0  therms p e r  year and 7 4 5  
therms p er year for  power l oa d  and proc e s s  heat l o ads , r e s p e c t ively . 
The requi r e d  en ergy for e l ectr ic home s has b e en calculated from the 
a s s umed e f f i c i enc i e s  no t e d  above , wi th the added s t ipu l a t i on t hat 
the net e f f i c i ency of e l ectric  power g enerat ion is 1 0 , 6 6 6  BTU ' s  
per KWH , c o r r e sponding to  an effi c i ency o f  3 2  percent . The amount 
o f  p r imary energy requ i r e d  back at the p ower p l ant fo r space  heat ing 
an e l e c t r i c  home then wor ks out to  b e : 

Therms o f  fue l  = Therms o f  gas 7 0  
3 2  

I t  s ho u l d  b e  s tr e s s e d that this  i s  a " c a l culated value " and does  
no t r ep r e s ent the  actual amount o f  energy requi rement for space  
heat ing in an  e l e c t r i c  home . El e c t r i c  home s consume l e s s  energy 
than woul d b e  c a l culated  by thi s method . Thi s  di fference r e s u l t s  
f o r  s everal  r ea s o ns : 

• E l e c tr i c  homes g eneral ly are b e t t e r  insul ated . 

• U s e  o f  heat pump s occurs in s ome e l ectr i c  home s . 

• E l e c t r i c  homes may b e  sma l l er in s i z e . 

• The e f f i c i ency o f  gas - f ired  bo i l er s  may be  l e s s  than the 
7 0 - p e r c ent value used in the c a l culat ions . 

• Bas ement o r  garag e space  may no t b e  heated in e l e c t r i c  
home s . 

The s e  var i at i ons o f t en ac count for much o f  the controversy 
whi c h  occurs in the ca lcul a t i on of  ener gy requi rements  for space  
heat ing in e l e c t r i c  v e r s u s  gas  home s . 

In  order to arrive a t  s ome method fo r e s t imating thi s d i f ferenc e 
in "phi l o s phy o f  space  heat ing , "  we have taken some pub l i shed 
da t a  for  e l e c t r i c  home energy consump t ion in Port land , Oregon us ing 
4 ,  7 6 0  d e g r e e  days . The·s e data ind i cated that app roxima t e l y  1 2 , 0 0 0  
KWH o f  e l e c tr i c  energy wa s us e d  in s ing l e - family dwe l l ings  i n  Port ­
l and , a s  s hown in F i gur e 7 .  The calcu l a t ed therms wou l d  b e  1 , 9 8 5  
p e r  year , us ing the equa t ion above , whi l e  the actual consump i ton for 
space  heat ing is 1 , 2 8 0  therms . ( Th i s  a s s umes 1 2 , 0 0 0  annual KWH 
a t  a n e t  h e a t  rate  o f  1 0 , 6 6 6  BTU ' s  per  KWH . )  Thus , the a c tual  con ­
s ump t i on for s pace  heat ing in e l e c t r i c  homes i s  ab out 6 4 . 5  p er c ent 
of that c a l cu l a t e d  by the equa t i o n  s t ated  above . Ther e  is no way 
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to make c er t a i n  in this  ana lys i s  what fac tors  preva i l  in Por t l and , 
Oregon to  acc ount for this  di fferenc e . Probab ly many fac tors  con­
tr ibute to s ome extent . 

Howeve r ,  the r e l a t i onships fo r space heat ing are : 

Sp ace  heat , gas 

Spa c e  heat , e l e c t r i c  

= 

= 

0 . 1 9 1  x annual de gree days 

0 . 2 6 9  x annua l degree �days . 

The s e  equa t i ons g ive the amount o f  annua l  p r imary energy for 
space  heat ing in s ingl e - fam i ly dwe l l ings in 1 9 7 2 . A compa r i s on o f  
the s e  l inear r e l a t ionships i s  made i n  F i gur e 8 ,  and i t  can b e  s e en 
that the g a s  homes  t end to require  l e s s  energy . However , this  
comp a r i s o n  i s  no t s tr i c t ly va i l d  fo r s ome homes  b e caus e no  acc ount 
has b e en t aken thus far of the a i r - condi t i on in·g load . 

Tab l e  4 4  summar i z e s  energy requirement s  fo r b o th gas a i r ­
cond i t i oning and e l e c t r i c  a i r - cond i t i oning i n  1 6  U . S .  c i t i e s . The 

TABLE 44 

R E LATIVE ANNUAL E N E RGY FOR WHOLE HOUSE AI R CONDITION I NG 

Fossil Fuel E lectric Power 
Heat Rate = 1 0,666 BTU/KWH 

Gas E lectric E lectric 
(Therms/Yr.) COP = 2.0 COP = 3.0 

New York City 695 380 253 
Philadelphia 695 380 253 
Pittsburgh 695 380 253 

Baltimore 700 383 255 
Boston 750 41 0 273 
Detroit 850 465 31 0 

Chicago 850 465 31 0 
Cincinnati 900 492 328 
San F rancisco 9 1 5 500 333 

Los Angeles 1 ,080 591 394 
Kansas City, Mo. 1 ,225 670 446 . 
Memphis 1 ,405 768 5 1 2  

Denver 1 ,435 785 523 
Dal las 1 ,9 1 5  1 ,047 598 
Atlanta 1 ,9 1 5  1 ,047 598 

Houston 2, 155 1 , 1 80 786 
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gas consump t ion da t a  were ob t a ined from the AGA . The e l ectr i c  data 
we re  c a l cu l a t e d  from the gas consump t ion data in Tab l e  4 3 . S ince 
e l ec t r i c  a i r - cond i t ioning uni t s  fo r the home t end to b e  of the d i r e c t  
exp ans ion ( D X )  heat  pump typ e , the effic i ency can vary wide ly . In 
gene ra l , the co e f f i c i ent o f  p erformance (COP ) i s  a measur e of the 
amount o f  s en s ib l e  and latent heat that c an b e  pump ed per hour 
r e l a t ive to the energy consump t i on rate . For examp l e , a COP of 2 . 0  
wou l d  have a true e ffic i ency o f  twi c e  the  e l e c t r i c a l  e ffi c i ency , 
o r  2 x 3 2  = 6 4  p ercent . Some e l ectr i c  a i r - cond i t ioners are b e t t e r  
than thi s , b u t  there a r e  ind i c a t i ons that economy - typ e  mode l s  are 
mo s t  fr equent ly s o l d ,  whi ch have COP of no b e tt er than 2 . 0 .  Re l a ­
t ively l ar g e  c onden s e r s  and heat exchange surfac e s  are requ i r e d  to 
app roach the h i gh COP , and s ince thi s means greater  bulk and h i gher 
co s t ,  the t r end in r e c ent years ha s b een for e l ectr i c a l  manufac tur e r s  
to  s e l l  t h e  l e s s  e f f i c i ent uni t s . 

I t  i s  e s t ima t e d  the r e for e ,  that who l e - hous e a i r - cond i t i oning 
energy requ i r ement s range from 2 , 0 0 0  therms in Hous ton to about 
7 0 0  therms in N ew York C i ty for gas - typ e air - condi t i oning . E l ec t r i c  
a i r - cond i t ioning i s  e s t imated t o  vary from 1 , 0 0 0 therms i n  Hous ton 
to 4 0 0  therms in New York C i ty . An examp l e  of the add i t ion o f  
annua l requ i r ement s for air - cond i t ion ing i s  s hown in F i gur e 9 .  

Future Tr ends in Res i dent ial  Energy C onsump t i on Patt erns 

One can s up e r imp o s e  the t echno l o g ical  trends for e l ec t r i c a l  
conver s i on and t h e  need  f o r  synth e t i c  g a s  from coal  on r e s i dent i a l  
energy requ i r ement s . Thi s can be  done fo l l ow ing t h e  convent i on us e d  
above f o r  var i ous k inds o f  home s and t h e  four catego r i e s  for energy 
consump t i on . F o r  examp l e , F i gure 1 0  s hows energy consumpt ion for 
to t a l  space- cond i t i oned home s  in 1 9 7 2 . Homes which emp loy gas  for 
p ro c e s s  heat and space heat and e l e c t r i c  p ower fo r a i r - cond i t i oning 
are the mo s t  e f f i c i ent a l l  acro s s  t he Uni t ed States . I t  s hould b e  
no t ed that t h e  wider us e o f  heat pump s i n  c ertain geo graphi c a l  areas 
in the South m i ght s how improved e ffic i ency r e l a t ive t o  gas . The 
a l l - ga s  home b e comes mo re e f fi c i ent in the North as the a i r ­
cond i t i on ing l o ad decr eas e s . The a l l - e l ec t r i c  home b ecome s in ­
effic i ent r e l a t ive t o  the al l - gas home a s  the heat ing l o ad increas e s . 

The amount o f  energy in al l - gas homes wi l l  incr eas e  s i gn i f i cant l y  
as g a s  mus t  b e  made from coal  ( s e e  F i gur e 1 1 ) . F i gur e 1 2  indicates  
that the  al l - e l e c t r i c  home will  inc r e a s e  in e f f i c i ency as the heat 
rate improves from 1 0 , 6 6 6  BTU ' s  p er KWH in 1 9 7 2  to 7 , 0 0 0  BTU ' s  p er 
KWH a t  s ome t ime after  1 9 9 0 . A compar i s on o f  mixed us e o f  gas and 
e le c t r ic power i s  s hown in F igur e 1 3 .  Eff i c i ency wi l l  improve in 
the South i f  e l e c t r i c a l  a i r - cond i t i oning i s  u s e d . However , the e f ­
f i c i ency wi l l  decrea s e  i n  the Nor th b e c aus e mor e synthet i c  g a s  i s  
needed f o r  s p a c e  heat ing requirement s .  A l l  o f  the s e  trends are 
s hown in F igur e 1 4 . In  general , the a l l - e l ec t r i c  home wou l d  b e  
the mo s t  e ff i c i ent t hroughout the Uni t ed S t a t e s  i f  the heat r a t e  
o f  7 , 0 0 0  BTU ' s  p er KWH could b e  ach i eved from coal . Greater  u s e  
o f  h e a t  p ump s and improvements i n  t he e f f i c i ency o f  heat pump s would 
t end to decr e a s e  the energy requiremen t s  for e l e c t r i c  home s . 
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No t echno l o g ic a l  improvement in the dir ect  u s e  o f  gas for air ­
cond i t i on ing o r  the direct  convers ion o f  gas  to e l ectr i c  powe r at 
h i gh eff i c i ency c an now be fores e en . 

The u s e  o f  fue l  c e l l s  which requ i r e  r e fo rming o f  me thane p r i o r  
to us e in the fue l  c e l l  woul d  require mo r e  energy than s hown 1n 
F i gure 14 b ec au s e the e l ectr ical  eff i c i ency would be  2 5  to  2 6  per ­
c en t  from coal , in c ontra s t  t o  4� p ercent which has b e en pro j ected  
for a l ar g e  p ower p l ant . Whi l e  heat  r e c overy from a fue l  c e l l  i s  
po s s ib l e ,  i t  wou l d  b e  imprac t i cal becaus e e l ectrical  loads ar e 
sma l l  and the maj o r i ty o f  the required heat would have to b e  pro ­
vided by s upp l emental burn ing o f  gas . The overal l e ffici ency o f  
heat ing wat e r  o r  space  heat ing s houl d b e  only s l i ghtly imp roved 
over that exp er i enc e d  with direct  burning of gas . 

In thi s ana ly s i s , no ant i c ip a t i on has b e en made o f  increas ed 
energy for new e l e c t r i c a l  app l i anc e s . The s e  increas e s  would o ccur 
for a l l  k inds o f  home s , however ,  and a l l  of the curves in F i gure 
14 should inc r ea s e  as a resul t of new power l o ads . A recen t  FPC 
foreca s t  has s ug g e s t ed that the a l l - e l e c t r i c  home in 1 9 9 0  w i l l  b e  
us ing doub l e  t h e  1 9 7 2  KWH per  year . I nasmuch as the a l l - e l e c t r i c  
home wou l d  a l r eady b e  comp l e t e ly a i r - cond i t i oned i n  1 9 7 2 , i t  i s  
d i fficu l t  to  imag ine what the s e  add i t i onal ene rgy - consuming dev i c e s  
wou l d  b e . E l e c t r i c  cars , large e l e c t r i c  t oy s  for chi l dren , e l ec ­
tronic ant i - bur g l ar devi c e s , e l ec t r i c  equipment for me l t ing snow 
from wa lks , e l ec t r i ca l ly heated l awns and gardens are · po s s ib i l i t i e s . 

Thi s  analys i s  has d i s cus s ed only s ing l e - fami ly dwe l l ing s , but 
it is ant i c ip a t e d  that the s ame r e l a t ive energy consump t ion woul d  
p r eva i l  for  ap a r tments  and mob i l e  home s . In  general , the amount 
o f  energy r e qu i r e d  for spac e - cond i t i on ing would be  propo r t i onal to 
the space whi c h  is cond i t i oned . 

ENERGY FOR TRANSPORTAT I ON 

Automob i l e s  are the mo s t  imp o r t ant consumers o f  energy in the 
transportat ion s ec t o r , and thi s t r end should cont inue through 
1 9 8 5  and t oward the year 2 0 0 0 . As shown in F i gure 1 5 , the wei ght 
of the automob i l e  and the engine s i z e  are the two mo s t  important 
fac t o r s  affec t in g  r o ad economy . In  o rder to  ob tain fair ly r e l i ab l e  
f i gure s  o n  g as o l in e  consump t i on a s  a funct ion o f  other var i ab l e s , 
da t a  from the Mob i l  Economy Run from Los  Ang e l es t o  Detro i t  in 1 9 6 7  
were u s e d . Thi s  t e s t  was made b e fore emi s s ion s  cont ro l s  cau s e d  
r educt i ons in r o ad e conomy . 

I n  add i t ion to  car we i ght and eng ine s i z e , road e conomy i s  a f ­
fected  b y  ax l e  r a t i o , c arbur e t o r , t im ing , e t c . I n  general , t h e  dat a 
from F i gur e 1 5  can b e  b roken down into a range o f  car typ e s - - p e r fo r ­
mance cars t o  e conomy cars ( F i gure 1 6 ) . An int e rmed i at e  c ar w i th 
b a l anced e conomy and p erformance woul d  b e  s omewhere  in - b e tween in 
r o ad e conomy . Thi s  a l l ows a r e l i ab l e  e s t imat e  o f  fue l  consump t ion 
in turnp ike - type dr iving p r io r  to  emi s s ions contro l s . 

Only a fract ion o f  the d�iving in the Uni ted S t a t e s  i s  done under 
turnp ike cond i t ion s , and it  is  n e ce s s ary to  corr ect  the data s hown 
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in F i gure 1 6  for o ther driving mo de s . Thi s  has b e en done i n  F i gure 
1 7  us ing pub l i shed corr e l at ions . Sho r t  t r ip s  resul t  in cons i derab ly 
l owe r m i l e s  p e r  g a l l on than turnp ike o r  c i ty - suburb an dr iving at 
r e l a t ive ly cons t ant speed . The app arent nat ional average for m i l e s  
p er g a l lon  c an b e  approx imated b y  the l ine s hown for 1 0 - mi l e  t r ip s . 
For  a 3 , 5 0 0 - pound car , approx imat e ly 1 5  m i l e s  per  g a l l on (mp g )  would 
have been obt a in e d  p r i o r  to 1 9 6 7 . (Th i s  has no t b e en corr e c t e d  for 
power acc e s s o r i e s . )  

Due to  emi s s i ons contro l s , automo b i l e s  b e c ame l e s s  e f fi c i ent 
in the p e r i o d  from 1 9 6 7  to 1 9 7 2 . The average data in F i gure 1 8  
have b e en corrected  for the e f f i c i ency lo s s . Thi s  l o s s  has  b e en 
e s t imat e d  t o  b e  5 per cent for a 2 , 5 0 0  pound car , 1 0  p er c ent for a 
3 , 5 0 0 - pound c ar and about 1 5  p ercent for a 4 , 5 0 0 - pound c ar . The 
corrected  curve for  1 9 7 2  car s  i s  s hown in F i gure 1 8 . Al s o  s hown i s  
a correct ion for a i r - cond i t i oning and o ther powe r acc e s s o r i e s . I n  
g ener a l , a 3 , 5 0 0 - pound car ( 1 9 7 2  mo d e l ) ,  operating with i t s  p ower 
acc e s s o r i e s  a frac t i on o f  the t ime , woul d  obtain about 1 3  mp g .  A 
2 , 5 0 0 - pound car would  obtain ab out 1 7  mp g ,  whi l e  the 4 , 5 0 0 - poun d  
c ar wou l d  o b t a in about 1 0  mpg f o r  1 9 7 2 mode l s . The s e  numb e r s  ar e 
annual averages  whi ch ar e e s t imated to  b e  vai l d  for 1 9 7 2  mo de l s . 
The 1 9 7 1  e d i t i on o f  A u t omo b i l e  Fac t s  and Figur e s  indicates  that 1 3 . 6 3 
mpg wer e  o b ta ined in 1 9 6 9  for a l l  car s on t he road . The e s t imat e 
o f  1 3  mp g i s  b e l i eved to b e  r epr e s entat ive o f  1 9 7 2  mo de l s , however . 

Tr ends in ener gy consump t ion from 1 9 7 2  t o  1 9 8 5 and in the p e r i o d  
up t o  t h e  year 2 0 0 0  canno t b e  s t ated quant i ta t ive ly b ecaus e the re  
ar e t o o  many unknowns . A factor  of  great importance r e l at e d  to  
wha t  typ e s  of  s o luti ons will  be ' fo r thcoming on the  cont r o l  of  emi s ­
s ions . O t t o - cyc l e  eng ine s have exp e r i enced r e l at ive ly l ar g e  l o s s es 
in e ff i c i ency in the 1 9 6 7  to 1 9 7 2  p e r iod in that contro l s  h ave b e en 
app l i e d  on p ar t i cu l at e s ,  carbon monoxide and n i t r i c  oxide . Each o f  
the s e  contr o l s  has an e ffect on economy . 

E s t imat e s  are s hown in Tab l e  4 5  for change s in fue l  e conomy 
whi ch o c curred i n  the 1 9 6 7 - 1 9 7 2  p e r i o d . E s t imat ed prospect ive 
chang e s  in fue l  e conomy for n i t r i c  oxide contro l b e tween 1 9 7 2  and 
1 9 7 6  are a l s o  s hown . The s e  l o s s e s  are sub s t ant i a l ; howeve r , a 
r e a s onab l e  v i ew i s  that the lo s s e s w i l l  no t b e  as s ever e  a s  tho s e  
shown i n  T ab l e  4 5 . I f  cat a lyt i c  dev i c e s  are us e d  in 1 9 7 5  and l ater  
mode l s , s ub s tant i a l  re covery of  the l o s s e s  could o c cur . Lo s s e s  
w i l l  a l s o  b e  r educ e d  b y  imp roved i gn i t ion and a ir - fu e l  c arbur e t ion  
and indu c t i on . 

A sub s tan t i al p o r t ion o f  the l o s s e s  from 1 9 6 7  to  1 9 7 2  mo d e l s  
i s  due t o  t h e  d i ffi cul ty with a i r - fuel rat i o s  under p a r t  thro t t l e  and 
tran s i en t  cond i t i ons . Prior  to 1 9 6 7 , engines ran r e l a t ive ly r i ch . 
Even though dra s t ic var i a t i ons o f  a i r - fuel rat ios  in t ime ( cyc l e  to 
cyc l e )  and in geometry ( cyl inder to  cy l inde r )  have a lways o c curred 
in the rec ipro cat ing Otto - cyc l e  engine s , no s i gnifi c an t  l o s s e s  in 
ec onomy occur r e d  due to thi s  phenomenon .  Under l e an a i r - fuel  ratios  
(which are  r equi r e d  to  reduc e c arb on monoxide ) ,  var ianc e s  in air ­
fue l  rat i o  b r ing about decreas e d  fue l  e conomy . The l o s s e s  are 
greater on l ar g e  d i sp l acement engine s ,  b e caus e they mus t  run at 
part thro t t l e  cond i t i ons a larger frac t i on o f  the t ime . When cat -
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TABLE 45 

ESTI MATED LOSSES I N  FUEL ECONOMY ATTRI BUTABLE 
TO EMISSION CONTROLS BETWEEN 1967 AND 1972 

2500 lb. Car 3500 lb. Car 

Comp. Ratio Change (Percent) 8.7 to 8.2 9 .3 to 8.2 

Particulate Control ( Percent) ·2 -4 

Carbon Monoxide Control (Percent) -3 -6 

Total losses in 1 972 
Models (Percent) -5 - 1 0  

Additional losses for 1 976 Models 
Versus 1 967 ( Percent) -4 -4 

Total Potential losses for 
1976 Models (Percent) -9 -14 

4500 lb. Car 

1 0.0 to 8 .2 

-6 

-9 

-15 

-4 

-19 

a ly s t devic e s  are u s e d  to control  c arbon monoxide , i t  i s  rea s onab l e  
to  b e l i eve that eng in e s  can run under the proper ai r - fuel  ratio  t o  
g ive b e t t er economy . 

Sub s t ant i a l  l o s s e s  in e conomy are a l s o  po s s ib l e  i f  engine s mus t 
u s e  exhau s t  gas  r e c i r cu l a t i o n  to  reduc e n i t r i c  oxide . Thi s  has  a 
s im i l ar e ffect  to  l e an ing - out the engine s o  that op t imum burning 
for good  e conomy is not l ikely  to be achieve d . However ,  the us e 
o f  cata lyt i c  devi c e s  t o  contro l nitric  oxide would no t s i gnifi c ant ly 
detract  from engine e conomy . 

Improvement s in i gn i t ion and carbure t ion whi ch are nece s s ary to  
cont r o l  emi s s ions , s hould also  b e  e ffec t ive in part i a l ly r e s t o r ing 
the r o ad economy whi c h  was l o s t  dur ing the p e r i o d  from 1 9 6 7 to 1 9 7 2 .  
Ove r - dr ive gears , whi ch wer e  us e d  a numb e r  o f  years ago , may pro ­
vide a me chanic a l  appr o a ch to  road economy . 

The r e l at ive l y  h i gh co s t  o f  emi s s ion cont r o l devic e s , s afety 
i t ems , emi s s ions t e s t in g  procedur e s , improved crash r e s i s tanc e  and 
mo r e  c ar e fu l  attention to checks again s t  r e c a l l  o f  the auto , a l l  
tend t o  indicate  that the average we i ght o f  cars  wi l l  decre a s e . 
Thi s  wi l l  h ave the e ffect  o f  improving the fue l  e conomy . 

I n  s ummary ,  the f o l l owing trends wi l l  have the e ffect o f  count er ­
ing the l o s s e s o f  e conomy o b s erved in the 1 9 6 7 - 1 9 7 2  mo de l s  and 
ant i c ip a t e d  as a r e s u l t  of government s t andards fo r future mo de l s : 

• U s e  o f  catalyt i c  devi ce s to cont r o l  carbon monoxide 

• Use of catalyt i c  devi c e s  to contro l n i t r i c  oxides 

• Improved i gn i t ion 
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• Imp roved a ir - fue l induct ion and carbur e t ion 

• Reduced we i ght o f  car s  

• Us e  o f  ove r - dr ive gears  

• I mp roved aerodynamic s ty l ing 

• Reduced transmi s s ion lo s s e s  (as front whe e l  drive ) . 

A more imp o r t ant need i s  for improvement in e conomy under 
p ar t - thro t t l e  condi t ions . In  this  cas e , two deve l opments wh i ch 
cou l d  h ave the e ffect  o f  imp roved economy under part - thro t t l e  con ­
d i t ions  are s trat i f i e d  charge and i n l e t  valve - thro t tl ed eng ine s .  

A numb e r  o f  new power p l ants  are p re s en t ly in vari ous r e s e arch 
and devel opment s t ag e s . The eng in e s  whi ch s e em c l o s e s t  to commerc i a l  
ava i l ab i l i ty f o r  t h e  1 9 7 0 - 1 9 8 5  p e r i o d  a r e  t h e  Wankel and t h e  gas 
turb ine . Bo th o f  the s e  sys t ems are s a id to have a l ower e f f i c i ency 
than the r e c iprocat ing gas o l ine Otto - eng ine . However , i t  s e ems 
a lmo s t  c e rtain that the s e  probl ems can be  overcome by mechanical  im­
provement s .  Gas turb ine - powered eng ines  can be  bui l t  to day which 
have comp arab l e  road e conomy to p i s ton eng ines at sp e eds  hi gher than 
4 0  mph .  Wha t  r emains to b e  improved i s  par t - thro t t l e  economy . Im­
provement s  in ma t e r i a l s  o f  cons t ruc t ion , us e o f  b l ade coo l ing . im ­
proved re g enerat i on and a i r - fu e l  f l ow management are a l l  po s s ib i l i t i e s  
for imp roving economy i n  the gas turb ine . 

Be c au s e  the Wank e l  operate s at l ower e ffe c t ive p r e s sure s ,  i t s  
ind i c a t e d  thermal e ff i c i ency i s  l ower than the p i s ton engine . How­
eve r , many p e op l e  b e l i eve that the e conomy can b e  con s ide rab l y  im ­
prove d .  The p o s s ib i l i ty o f  inl e t  a ir - fu e l  thro t t l ing o r  s tr at i fi ed 
char g e  i nduct ion are extreme l y  prom i s ing for the Wank e l . At a l ow 
n i t r i c  o x i de l eve l ( 0 . 4  to 1 . 0  g/mi l e ) ,  i t  s e ems c e r t a in that the 
e conomy o f  the Wank e l  eng ine i s  e qual  or b e t t e r  than that o f  the 
p i s ton eng ine . 

F r om a longer r ange p o int o f  v i ew ( 1 9 8 0  and b eyond) , there i s  
every r e a s o n  t o  b e l i eve that the fue l  e conomy o f  car operat ion  mus t  
s t i l l  r e l at e  t o  the we i gh t  o f  the car . I n  general , he avy cars  
moving a t  h i gh sp e ed or acc e l erat ing at h i gh speed , wi l l  t ak e  much 
mor e  energy p e r  m i l e  than s ma l l  car s moving at mo re mod e s t  s p e eds . 
Imp r oved r o ad e conomy u l t imat e ly wi l l  b e  achi eved through a g eneral 
l owe r ing of c ar we i gh t  and a r educt ion  of speed l im i t s  o n  the 
h i ghway s . Any t rends toward sma l l er car s for c i ty dr iving (part i c ­
ul arly for e l e ct r i c  c ar s )  would h ave a maj o r  e f fect  o n  reduced 
ene r gy consump t ion . 

TRENDS TOWARD COAL AS AN ENERGY SOURCE 

We c an con s ider the gene r a l  prob l em of us ing coal  as a p rimary 
fue l to ·make g a s o l ine for the automo b i l e , i f  and when p e tro l eum 
suppl i e s  b e come short . Techno l o gy d o e s  no t ex i s t  in 1 9 7 2  to  con ­
ve r t  c o a l  t o  g a s o l ine e conomi c a l ly ; however , by 1 9 8 0  o r  1 9 8 5  s ome 
acceptab l e  c o a l - to - gas o l ine pro ce s s  may be ava i l ab l e . 
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The amount o f  coal  ene rgy requ i r ed to run automob i l e s  can be  
c a l cu l a t e d  from the  average e ff i c i ency of  automob i l e s  now runn ing 
on p e t r o l eum - der ived gas o l ine . F i gure 1 9  is a p l o t  o f  fue l  con-
sump t i on and e f fe c t ive e f f i c i ency o f  an average pas s enger c ar in 
1 9 6 7 . At thi s t ime , the aver age compr e s s ion ratio was 9 . 2 ,  s o  the 
char a c te r i s t i c s  s hown should be  f a i r ly repr e s ent at ive cif the ave rage 
car on the r o ad -at that t ime . 

The averag e eff i c i ency under l ow - s p e e d  dr iving cond i t ions i s  
qu i t e  low . The ave rage automob i l e  has i t s  h i ghe s t  e ffic i ency a t  
high s p e ed and when acc e l erat ing under ful l thrott l e  condi t i ons . 
I t  wi l l  be  a s s umed that the average e f f i c i ency i s  1 1  p ercent in 
c i ty dr iving ( l ow sp e ed , p art  thro t t l e  with frequent idl ing per iods ) 
and 1 7  p e r c ent in turnp ike dr iving (high s p e e d , ful l e r  thr o t t l e ) . 
Dep ending on the r e l a t ive mix of c i ty and suburban driving , the 
e ff i c i ency o f  a pr e - 1 9 6 7  va lue wou l d  have var ied from 11  to  1 7  
p e r c ent . An average value wou l d  have b e en about 1 4  p e r c ent . The s e  
va lues  have b e en plot ted i n  F i gure 2 0 .  

As a r e s u l t  o f  emi s s i on contro l s , a 1 0 - percent lo s s  in e ff i c i ency 
is a s s umed b e tween 1 9 7 2  and 1 9 8 5 .  Lo s s e s  of crude o i l  occur in re ­
fining to p ro duce gas o l ine and this  l o s s  has been as sumed t o  b e  
1 5  p e r c ent . The average eff i c i ency o f  the aut omob i l e , b a s ed on 
crude o i l  ene rgy charged to  the ref ine ry , works out to b e  1 0 . 8  p er ­
c ent . Th i s  value can b e  compared t o  the u s e  of ga s o l ine from coal  
in  F i gure 2 1 . S ince the e ffic i ency o f  coal  convers ion to gas o l ine 
is 6 5  p e r c ent , the ave rage e f f i c i ency of convert ing coal to usab l e  
brake ho r s epower would be  ab out 8 p ercent . 

The r e l a t ive advantage o f  the e l ec t r i c  car in a co a l - b a s e d  energy 
ec onomy can be no ted in F i gur e 2 1 . Even with the t e chno l o gy o f  
el e c t r i c a l  conver s i on i n  1 9 7 2 , the e l ec t r i c car wou l d  have doub l e  
the e ff i c i ency o f  the ga s o l ine car . As the effic iency o f  e l e c t r i c a l  
genera t i on improve s ,  t h e  r e l at ive advantag e o f  the e l e c t r i c  car wi l l  
improve even mor e . F o r  examp l e , as  the na t i onal heat rate  for fo s s i l  
fue l s  decre a s e s  from 1 0 , 6 6 6  in 1 9 7 2  t o  7 , 0 0 0  BTU ' s  per  KWH a t  s ome 
t ime after 1 9 9 0 , the e l e c t r i c  battery car would be 3 t imes as e f fi ­
c i ent a s  the g a s o l ine car . As the e l e c t r i c  car e f f i c i ency s hould b e  
r e l at ively indep endent o f  speed , the us e o f  battery car s i n  c i ty ­
typ e dr iving wou ld b e  very e ffect ive i n  reduc ing energy consump t ion . 

The current poten t i al rang e o f  e l ec t r i c  cars b e tween b a t t e ry 
cha r g e s  i s  l ow b e cau s e  the max imum energy p e r  uni t  we ight o f  
b at t er i e s  i s' low . Any improvements  in t h e  KWH - per - pound o f  batt ery ­
packs i s  l ikely to encourage  the us e o f  e l e c t r i c  cars . The advent 
of the Wanke l ,  with i t s  l owe r eng ine we ight , shoul d make a mor e  
i de a l  comp l ement fo r the e l ec tr i c  c ar . E i ther t h e  Wanke l - e l e c t r i c  
o r  gas  turb ine - e l e c t r i c  may b e  acceptab l e  hybrids  a f t e r  1 9 8 5 . Hy ­
b r i ds wou l d  have imp r e s s ive eff i c i ency advantages by ab out a fac tor 
o f  two over conven t i ona l eng ine - dr iven cars . 

Other trends in tran spo rtat ion energy requi rements  can b e  s e en 
in Tab l e  4 6 .  

Aircraft and p e rs onal automob i l e s  probably  wi l l  cont inue to  b e  
the mo s t  imp o r tant means o f  transpo r t ing peop l e . The s e  ar e the 

1 5 1 



1- 25 
z 
w 
(.) 
0::: 
w 
c.. 

::J 
w 20 
w 

Average Efficiency of 50/50 City/Turnpike or Suburban-Type Driving: Crude Oil-----.,_ Brake HP = 10. 5% 

:c 
s 
w 
:c 
1-

!;( 1 5  

>-(.) 
z 
w 

(.) 
LL. 1 0  
LL. 
w 
...J 
<( 
� 
0::: 

I""""'" 

HP - pRE-1969 MODEL 

L W\TH coNTROLS 

ouNE-----� 6 
1972 MODE 

GAS 
I AKE HP 

ASOUNE-----,.... BR 

CRUDE 0\L-----,.... G 

-

-

-

Average Efficiency of Surburban-Type Driving: Crude Oil-----,_ Brake HP = 10.8% � 5 
1-
w 
> 

i= 
NOTE: Average of 10% Loss Taken for cb; NOx and ParticuiJe Control 

<( 
...J 
w 
0::: 

0 
0/1 00 

. � I I 
20/80 40/60 60/40 

R E LATI V E  M I X  O F  CI TY/TU R NPI KE D R I V I N G  
80/20 100/0 

F igure 2 0 .  Relat ive E f f i c i ency o f  Automob i l e - - Correct ions for Re ­
fining Lo s s e s  and Emi s s ion and Environmental Contr o l s . 

1- 25 
z 
w 
(.) 
0::: 
w 
c.. 

ul 20 
w 
:c 
s 
w 
:c 
1-

!;( 1 5  

>­
(.) 
z 
w 

C3 1 0  
LL. 
LL. 
w 
...J 
<( 
� 
0::: 
w 5 
:c 
1-
w 

COAL----.,_ E LECTRIC----.,_ BATTERY-----.,_BHP 
POST 1 990 H EAT RATE = 7,000 BTU/KWH 

COAL-----,_ ELECTRIC-----,_ BATTE RY-----,_ BHP 

1972 H EAT RATE = 10,666 BTU/KWH 

-

COAL-----,.... GASOL\NE-----,.... BHP 

POST 1990 

> 

� 
...J 
w 
0::: 

0 
0/1 00 

Average Effrency of Suburban-Tre Driving: Coal-----iBrake HP = 8.0% 

20/80 40/60 60/40 80/20 
R ELATI V E  M I X  OF C I TY/TU R NPI KE D R I V I NG 

F igur e 2 1 . Rel a t ive E f f i c i ency o f  Automob i l e  in a C o a l - B a s ed 
Energy Economy . 

1 5 2  

1 00/0 



TABLE 46 

R E LATIVE E F FI CI E NCY TRENDS I N  TRANSPORTATION 
Post-1 990 

Passenger Movement 

Automobile, City-1 Passenger 
Automobile, H ighway,2 People 
Bus 
Commuter Train - Diesel 
E lectric Train 
Electric Subway 
707 Jet 
747 Jet 
SST 

Freight Movement 

Pipel ine 
Barge 
Supertanker 
1 00-Car Freight Train - Diesel 
40-Car F reight Train - Diesel 
Air-Freight 
40-Ton Truck 
Electric Train-40 Car 
Electric Truck 
* SST-type 

1 972 
Passenger-Miles/ 

1 06 BTU (Crude) 

60 
200 
650 
550 

1 50 
1 20 

60-90 

Ton-Miles/ 
1 06 BTU (Crude) 

5,070 
1 .450 
7 ,240 
1 ,300 

650 
32-64 

320 
600 
300 

Syn Fuels Case 
Passenger-Miles/ 
1 06 BTU (Coal) 

46 
1 52 
540 
460 

1 1 5 
92 

46-69 

Ton-Miles/ 
1 06 BTU (Coal) 

3,550 
1 ,020 

1 ,080 
540 

1 2-25* 
250 
600 
300 

/ 

Electric Case 
Passenger-Miles/ 
1 o6 BTU (Coal) 

1 80 
450 

1 ,080 

920 

Ton-Miles/ 
1 96 BTU (Coal) 

1 ,080 
. 500 

mo s t  ine f f i c i ent o f  a l l  po s s ib i l i t i e s , which accounts fo r the rap i d  
inc r e a s e in energy fo r transp o rtat i on in t he p as t . Any trends t o  
ma s s  trans i t  o r  e l e c t r i c  automob i l e s  s hould t end to  improve e f f i c i en ­
cy . As no t e d  ear l i e r , the e l e c t r i c  car s houl d t end t o  b e  about 
3 t o  4 t ime s a s  e ffi c i ent .as the gas o l ine c ar in a coal - ba s e d  economy . 

F o r  moving fr e i ght , t rucks t end to b e  about 2 5  p er c ent a s  
ef f i c i ent a s  tra ins . The e l e c t r i c  train had about the s ame effic i en 
cy a s  the d i e s el train in moving freight in 1 9 7 2 . However , the 
trend i s  l ikely t o  b e  toward an imp rovement in e l e c tr i c  and a de ­
c l ine in fo s s i l - fuel  e ff i c i ency in haul ing freight . Great er u s e  
o f  e l e c t r i c  trains i n  l i eu o f  truck fre i gh t  would resul t i n  improved 
effi c i ency in the p e r i o d  after  1 9 8 5 .  

TRENDS I N  I NDUSTRIAL ENERGY USE 

General  

I ndus t r i a l  us e s  for  ene rgy are h i gh ly var iab l e , and no  s imp l e  
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a s s e s sment o f  chang ing en ergy demands with new t e chno l o gy i s  pos ­
s ib l e .  However , indu s t ry makes cont inual dec i s ions on the typ e s  
and forms o f  energy i t  wi l l  us e fo r a g iven appl i ca t i on b a s ed on 
the thr e e  c o s t  fac tors : ( 1 )  energy cos t per  un i t  of produc t ion , 
whi ch r e f l e c t s  effic i ency o f  us e ,  among o ther thing s ; ( 2 )  cap i t a l  
charg e s  f o r  energy s t orag e , conver s i on and us e - - interes t ,  deprec i a ­
t i on , tax e s  and r e turn ; and ( 3 )  operat ing and maint enance c 9 s t s . 

Some degree  o f  f l exibi l i ty and int erchangeab i l i ty ex i s t s fo r 
o i l  and gas  fue l s .  However , coal - fuel or  e l ectric  power canno t be  
s o  eas i ly int erchang ed with l iqui d  or  gas eous fue l s . Change s in 
any of the 3 fac t o r s  wi l l  caus e a reas s e s sment of the ent ire  sys -
t em o f  energy u s e . Thi s i s  not l i kely to happ en in the short t e rm 
be caus e the c ap i t a l  equ ipment used  fo r burn ing the fue l  or  conve rt ing 
it to a us e ful fo rm (hot a i r , s t eam , e tc . ) typ i c a l ly i s  depr e c i a t e d  
over a 1 5  t o  2 5 - ye a r  p e r i o d ,  and there wi l l  be  a t endency to us e 
the equipment for s uch a p e r i o d  o f  t ime . I n  the l o�ger term ,  i t  
s e ems r e a s onab ly c e rtain that improvemen t s  in a numb er of  sp e c i f ic 
ar eas  can r educ e the quant i ty o f  energy needed for indus try to do 
a g i ven j ob .  H i gher eff i c i ency o f  energy us e i s  frequen tly p o s s ib l e , 
and i t  become s mo r e  probable as fuel c o s t s  r i s e . 

Spec i fi c  a r ea s  can b e  examined to s e e  how improved t e chno l o gy 
can r educ e consump t i on o f  indu s t r i a l  energy . 

• Improvemen t s  i n  Engine s : Eng ine s a r e  u s ed for compres s i on ,  
pump ing l iquids  and gas e s , mo t i on and dr iv ing e l ec t r i c a l  
g enera t o r's . Rec i procat ing eng ine s (both d i e s e l  and spark ­
i gn i t ion)  are  l ikely to decrea s e  in e f f i c i ency to me e t  
emi s s i on s t andards . On the o the r hand , improvements in 
gas turb ines  are l i kely to counter this  trend , s o  the 
overal l effic i ency in indus t r i a l  eng ines  should increas e 
gr adua l ly in t ime . However , add i t i onal ene rgy wi l l  b e  
needed to hand l e  p o l lution probl ems . 

• Improvemen t s  in B o i l ers : Sma l l  indu s t r i a l  b o i l ers  have 
t ended to be l e s s . e ffi c i ent ( 5 0  to 7 0  percent ) than 
bo i l er s  us e d  in e l ectric  p ower p l ants  ( 8 0  to 8 5  p ercent ) . 
As energy c o s t s  r i s e , the opt imum indus t r i a l  b o i l e r  wi l l  
t end t o  b e  a mo re  e ffic i ent bo i l e r . 

• Insulat i on : The re  has a lways ex i s t e d  in industry the c l as s i c 
interp l ay o f  energy c o s t  and insulat ion cos t s . For a g iven 
ene rgy co s t , there ex i s t s  an op t imum thi ckne s s  of  insulat i on 
for a p ip e  or  a v es s e l . I f  ener gy increas e s  in co s t ,  the 
opt imum thickne � s  of  ins u l a t i on wi l l  be  hi gher and eff i c i ency 
of ene r gy u s e  w i l l  incr e a s e  automa t i ca l ly . 

Ano ther rout e to h i gher e ff i c i ency through ins ulat i on prac ­
t i c e  i s  the deve lopment o f  l ower co s t  methods for insu l at ing 
p ip e s  and v e s s e l s �  Thes e  devel opment s are l i kely from a 
comp e t i t iv e  v i ewp o int as energy inc r e a s e s  in co s t . 

• Improved Burner s : A l arge  numb e r  o f  typ e s  o f  burners are 
us e d  in indus try , dep e�d ing on the app l i cat ion : air heat ing, 

1 5 4 



inc ineration , radiant heat ing , infrar e d  heat ing , etc . With 
r i s ing fue l  co s t s , inc r e a s e d  thermal e ff i c i enc i e s  o f  burners 
ar e  cont inua l ly b e ing s ought . For examp l e , mul t ip l e  burner 
ins t a l l a t i ons and recup erative radiant tub e des igns ar e 
s tar t ing to b e  us ed on a l arge s c a l e . I ncoming combus t ion 
a i r  ga ins heat through exchange with the exhaus t .  One con ­
s ervat ive e s t ima t e  has b e en that the cap i t a l  c o s t s  of re ­
cuperat i on can be  j us t i f ie d , s ince a 2 0 - to 2 5 - percent fue l ,  
s avings i s  e ffected by heat ing a i r  to 6 0 0 ° F . Thi s  may b e  
a n  extreme ca s e , but t h i s  concept when app l i e d  more  wide ly 
could decreas e energy consump t ion 1 0  to 1 5  p ercent . 

• Makeup Air : One o f  the mos t dernandin� energy u s e s  in indus try 
is the heat ing of makeup a i r  which i s  needed to r ep l a c e  
exhau s t e d  a i r . Odo rs , vap or s , fume s , and furnace heat 
are common prob l ems in indus try cal l ing fo r extens ive e x ­
haus ting o f  int ernal a i r . A numb er o f  new t echniques are 
b e i ng app l i e d  in indus try such as rec i rcul at ion of air , · 
ro tary heat exchangers , pus h - pu l l  vent i l at i on , a i r  cur tains , 
e t c . Al l o f  the s e  are des i gned to imp rove effic i ency o f  
energy us e through reduc t i ons i n  makeup air . Al though 
no prec i s e  e s t imat e s  can be  made , p o t ential  energy s avings 
are p robab ly in the 1 0 - to 2 0 - p ercent range . 

• Recovery o f  Heat from Wa te r , St earn and Air : Many indus tr i e s  
now make effi c i ent use of energy . This is particularly true 
in the pro c e s s  indus t r i e s . For examp l e , s te am i s  used  fo r 
mechan i c a l  power , and exhaus t s t eam i s  then u s e d  for proc e s s  
heat . The us e o f  heat exchangers and econom i z ers  i s  very 
common . The s e  tr ends are exp ec t ed to cont inu e  at an ac ­
c e l erat ing rate  as energy b e comes a mor e  c o s tly i t em .  

Smal l e r  indu s tr i e s  p robably have no t inco rp orated heat r e ­
covery sys tems for the reason that ec onom i c s  rul ed again s t  
i t . I t  i s  exp e c t e d  that re generators , and economi z er - heat 
exchangers  wi l l  b e c ome ava i l ab l e in sma l ler  s i z e s  for more 
indus t r i a l  app l i ca t i ons . 

E l ec t r ic a l  energy i s  1 1kely to  b ecome mo r e  widely u s e d , par ­
t i cularly in pro c e s s  heat app l icat ions . The advent o f  nuc l e ar p ower 
and the e conomi c  inc ent ive fo r ut i l i t i e s  to increas e load fac tor s , 
wi l l  a c c e l erate  this  trend . ·  When cons ider ing the u s e  o f  e l e c t r i c  
p owe r for indu s t r i a l  hea t  app l icat ions , the required pr imary energy 
may not  b e  s i gn i f i c antly h i gher than that needed in the direct  use  
of  the fo s s i l  fue l .  For  examp l e , gas i f icat i on o f  coal and the  pro ­
duc t i on o f  a h i gh qua l i ty l i quid fue l  from coal  would have therma l 
e ff i c i enc i e s  in the 6 5 - to 7 5 - p ercent range . Many pro c e s s  heat 
app l icat ions , invo lving d i r e c t  flame heat ing o r  the generation o f  
s t e am ,  may have thermal effic i enc i e s  o f  3 0  to  6 0  per cent . The over ­
a l l  e ff i c i ency , b a s ed on direct  u s e  o f  r e fined fo s s i l  fue l s  from 
coal  is 2 5  to 4 5  p e r c ent . As e l ectr ical  generation evo lves to a 
mo r e  e ff i c i ent l eve l , l es s  p r imary energy may b e  required  through 
the us e of d i r e c t  e l ec t r i c  heat ing . E l ectr ic energy can b e  more 
readily  converted t o  induc t i on ,  radiat ive and convec t i on heat ing 
mod e s  and may be p r e ferred  in s ome ins tanc e s . Burners and b o i l ers  
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t end to  b e  co s t l y  for smal l u s e r s , and i t  s e ems reas onab l e  that 
ove r a l l  c o s t s  for e l e c t r i c  pro c e s s  heat may be no h i gher t han fo s s i l  
fuel s in many ins t ances . 

Becaus e the g enerat ion and d i s t r ibut i on o f  e l e c t r i c  powe r has 
b e en much mor e  c ap i tal  intens ive than the product i on and re fining 
of c rude o i l , e l e c t r i c  energy in the indu s t r i a l  s ec t o r  has typ i c a l l y  
co s t  3 t o  8 t im e s  a s  much as fo s s i l  fue l s . The nec e s s i ty to  make 
synthe t i c  fue l s  out of coal  a l s o  wi l l  create  a h i gh ly cap i t a l  i n ­
t ens ive fue l  i ndus t ry . There i s  a l i kel ihood that t h e  h i s to r i c  
co s t  ra t i o  between e l ec t r i c  power and fue l s  wi l l  decreas e .  

I t  i s  j udged  t hat a c r i t i c a l  c o s t  rat i o  o f  e l ec t r i c i ty : fo s s i l  
fue l  wi l l  b e  i n  t he 3 . 0 t o  3 . 5  rang e . Be caus e c ap i ta l  c o s t s  and 
op erat ing and maint enanc e c o s t s  are frequen t ly l ower when us ing 
e l e c t r i c  power , ove r a l l  co s ts woul d b e  the s ame i f  e l e c t r i c  p ower 
we r e  3 . 0 to 3 . 5 t ime s that of fos s i l  fue l s . 

I n  many heat ing app l i c a t i ons , e l ec t r i c  power has about twi c e  the 
effici ency of f o s s i l  fue l s . I f  e l e c t r i c  heat ing i s  properly de ­
s i gned , there i s  r e ason to b e l i eve that i t s  pr imary en ergy r e qui re ­
ments wi l l  no t b e  s i gn i fican t ly hi gher . For  the s e  reas ons , e l e c t r i c  
power should come i n t o  increas ing us e i n  many indus t r i a l  app l i c a ­
t ions fo r ene r gy . 

TRENDS I N  ELECTRI C POWER PLANT EFF I C I ENCY 

I f  s u i t ab l e  a s s ump t i ons are made , it is p o s s ib l e  to e s t ima t e  
trends that might b e  obtained i n  the e f f i c i ency o f  e l e c t r i c  p ower 
p l ants  as new t e chno l o gy is introduc e d . Changes  in the na t i onal 
average of heat rate (BTU ' s  required  per KWH) cannot happen very 
fa s t  for the reas on that much ins t a l l e d  capac i ty canno t b e  s c rapp ed 
immediately . The t o t a l  rep la c ement o f  curr ent powe r p l ants and 
tho s e  wh i c h  are on o rder through about 1 9 8 0  wi l l  not occur unt i l  
cons i derab l y  b eyond the year 2 0 0 0 . Any new t echno logy wh i ch can 
affect the heat r a t e  in the Un i t ed S t a t e s  in a s i gn i f i c ant way would 
have to  b e  ava i l ab l e  in  1 9 7 2 . Only the comb ined Brayton - Rankine 
cyc l e  (gas turb ine and s t eam turb ine in c omb inat i on )  can qua l i fy 
fo r this  di s t inc t i on in 1 9 7 2 . 

Improvement s  in the e ffic i ency o f  the gas  turb ine - s team turbine 
are po s s ib l e  through increas e s  in the t o l erance of the gas turb ine 
to  h i gher  t emp e r atur e . I t  is di fficult  to p r edict  ac cura t e l y  how 
p opular thi s p ower p l ant wi l l  be in the coming years . However , the 
new power p l ant app ears  to f i l l  a unique ro l e  in promi s ing an 
interme d ia t e - duty load  fac tor o f  4 0  to  6 0  p erc ent . 

I t  may b e  a s s umed that the comb ined cyc l e  would be  in demand 
for about 2 5  p er c ent of the n ew annual cap a c i ty added in the p e r i o d  
1 9 8 5  to  1 9 9 0 . Thi s  p ermi t s  the t abu l a t i on o f  ins t al l ed capac i ty 
growing from 1 , 0 0 0  MW in 1 9 7 3  to about 1 3 0 , 0 0 0  MW in 1 9 9 0  as s hown 
in Tab l e  4 7 .  E s t imat e s  have a l so b e en made o f  the heat rate  whi ch 
mi ght b e  achieved t hrough improvemen t s  in the gas turb ine . Thi s  
heat ra t e  i s  a l l owed to  improve from 9 , 2 0 0  i n  1 9 7 2  to  7 , 0 0 0  i n  

1 5 6 



TABLE 47 

ESTIMATED TRENDS I N  POWER PLANT TYPES AND E F F ICI ENCI ES 

Thousand Megawatts-New Plant Capacity Heat Rate-BTU's per KWH 

Heat 
Total Heat R ate 

Brayton- New Rate Brayton-
Rankine Rankine Fossil Rankine Rankine 

Cycle Cycle Plants Cycle Cycle 

1 972 22 0 22 9800 9200 
1 973 21 22 9800 9000 
1 974 20 2 22 9800 8800 
1 975 20 2 .  22 9800 8600 
1 976 18 ' 4 22 9800 8400 
1 977 1 7  5 22 9800 8 1 00 
1 978 1 6  6 22 9700 7800 
1 979 1 6  7 23 9700 7500 
1 980 1 5  8 23 9600 7300 
1 98 1  1 5  9 24 9500 7250 
1 982 1 5  9 24 9500 7200 
1 983 1 5  9 24 9400 7 1 50 
1 984 1 5  9 24 9400 7 1 00 
1 985 1 5  9 24 9300 7050 
1 986 1 5  1 0  25 9300 7000 
1 987 1 5  1 0  25 9200 7000 
1 988 1 5  1 0  25 9200 7000 
1 989 1 5  1 0  25 9000 7000 
1 990 1 5  1 0  25 9000 7000 

Total 315 1 30 445 9532* 7286* 

" Average. 

1 9 8 5 .  A mo r e  rap i d  improvement in eff i c i ency i s  as sumed in the 
1 9 7 5  to  1 9 8 0  p er i o d ,  p r e s umab ly as new a l loys and c o o l ing t e chn iques 
are app l i e d  to gas turbine s . Improvement s  wou ld be  s l ower in the 
1 9 8 0 - 1 9 9 0  p e r i o d  appro aching a mat e r i a l s  l im i t  of about 7 , 0 0 0  BTU ' s  
p e r  KWH in 1 9  8 5 . 

Tab l e  4 7  a l s o  s hows i ns t a l l ed cap ac i ty o f  o t he r  Rank ine - cyc l e  
fo s s i l - fue l p l ant s . Approximat�ly  2 2 , 0 0 0  MW o f  fo s s i l - fuel p l ants 
have al ready b e en comm i t t ed through the year 1 9 7 6 . Becaus e the de ­
l ivery t ime o f  the c omb ined - cyc l e  p l ant i s  only about 1 8  months 
to  two ye ar s , it s e ems reas onab l e  to b e l i eve that the numb er o f  
orders  coul d t o t a l  4 , 0 0 0  MW for the year 1 9 7 6 . The yearly ins t a l l ed 
cap ac i ty grows s t eadi ly upward and reaches 1 0 , 0 0 0  MW in 1 9 8 6 .  

The average heat rate  o f  a l l  fo s s i l - fuel p l ants ins tal l ed in 1 9 7 2  
i s  a s s umed t o  b e  9 , 8 0 0  BTU ' s  p e r  KWH . Thi s  i s  b a s ed on 5 0 - p e rcent 
c o a l - - a t  9 , 0 0 0 ;  3 0 - p erc ent r e s i dual o i l - - at 1 1 , 0 0 0  and 2 0 - p e rc ent 
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gas - - a t  1 0 , 0 0 0  BTU ' s  per  \KWH . The average i s  as sumed to s t ay con ­
s tant a t  9 , 8 0 0  BTU ' s per  KWH fo r ins tal l ed s t eam p l ants through 
1 9 7 7 .  Thi s  may app ear to  be  high , but / i t  i s  b e l i eved that the us e 
o f  c o o l ing towe r s  and s t ack gas s crubb ing wi l l  tend to re sul t in 
r e l a t ively h i gh heat rat es of this  o rder . Aft er 1 9 7 8 , the heat rat e 
o f  convent i onal Rankine - cyc l e  s t eam p l ants s hould begin to  imp rove 
somewhat . Thi s  would be through the introduc t i on of h i gher pres sure 
s t eam (about 1 9 7 5 )  and the use o f  f lu i d - bed combus t i on for r e s i dual 
o i l  and coal  bo i l ers  ( about 1 9 8 0 ) . The use of res idual o i l  contain­
ing s o d ium and vana dium wi l l  t end to  keep the overal l eff i c i ency o f  
t h e  s t eam cyc l e  l ow ,  unl e s s  res i dual o i l  i s  s evere ly re fine d , gas ­
i f i e d  o r  u s e d  in fl u i d - bed bo i l er s . Gas i f i cation t e chno logy , wh ich 
could l ead to mor e  rap i d  impr ovement s  in the Rankine - cyc l e , woul d be 
ava i l ab l e  no s o one r t han 1 9 8 0 .  

Tr ends o f  heat rate  have b e en p l o t t e d  in F i gur e 2 2 . I t  has b e en 
a s s umed that 3 0 0 , 0 0 0  MW capa c i ty o f  fo s s i l - fue l p l ants  ex i s t ed in 
1 9 7 1 , with a heat rate  o f  1 0 , 6 6 6  BTU ' s  p er KWH . The annual operating 
fac tor  for this  capac i ty wa s taken as 60  p ercent in 1 9 7 2  and wa s 

1 1 ,000 ..----.,--------.------,---------, 

TREND LI N E  FOR 
NATI ONAL HEAT RATE 

FOR FOSSI L F U E LS 1 0,000 t------+-----+__;::-..;;::::---_-t-------1 

AVERAGE OF A L L  FOSS i l,;  
. F U E L  RAN K I N E  CYCLES 9,000 1--"�rl i NSTALLED I N  THAT YEAR. ------""l 

BEST BRAYTON-RANKI N E  
AVAILABLE I N  THAT YEAR 

6,000 1-----+-----+-----+--------l 

5•000 .___ __ 1 9...._7_5 ____ 1_9.j...8_0 ____ 1....J9 .... 85 ____ 1__.990 
YEAR 

F i gur e 2 2 . E s t ima t e d  Trends for E f f i c i ency o f  E l e c t r i c  Power 
Generat i on from Fos s i l  Fue l s - - 1 9 7 2 - 1 9 9 0 . 
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dep r ec iated t o  4 0  p ercent annual fac tor in 1 9 9 0 . Thi s  would occur 
becau s e  mo re  u s e  would be made of the newer , more e f f i c i ent fo s s i l 
p l ants  and nuc l e ar cap a c i ty . The convent i onal Rankine - cyc l e  c ap ­
ac i ty added after  1 9 7 2  was a s s umed t o  have an annual operat ing fac ­
to r o f  7 0  p e r c ent , and the comb ined - cyc l e  annual operat ing fac tor  
was  50  p e r c ent . On  the bas i s  o f  the s e  a s s ump t i ons , the nat i onal 
heat rate should decr e a s e  from 1 0 , 6 6 6  in 1 9 7 2  to  9 , 7 9 8  in 1 9 8 5  and 
9 , 5 0 7  in 1 9 9 0 . Th i s  i s  an improvement in overal l e f f i c i ency o f  
fo s s i l - fuel  p l ants  o f  about 8 percent over a 1 3 - year period . 

As s hown in Tabl e 4 7 ,  the average heat rate fo r the comb ined ­
cyc l e  p l ants  in 1 9 9 0  would be  about 7 , 3 0 0  bas ed on the s chedu l e  
s hown . Th i s  i s  an op t imi s t i c  s chedu l e  for the ins t al l e d  capac i ty 
and eff i c i ency tr ends for comb ined - cyc l e  p l ants . Desp i t e  the op t i ­
m i sm , i t  can b e  readi ly s e en that the change in the nat i onal heat 
rate over an 1 8 - y ear p e r i o d  i s  r e l a t ively sma l l .  I f  MHD or therm­
i o n i c  topp ing be come s feas i b l e  ( s omet ime after 1 9 8 5 ) , presumab ly 
mo r e  rap i d  impr ovements in heat rate  could occur beg inning about 
1 9 9 0 . I t  is c l ear , however , that the nat i onal heat rat e wou l d  not 
decr e a s e  b e l ow about 9 , 0 0 0  BTU ' s  per KWH for fo s s i l  fue l s  b e fo r e  
t h e  y e a r  2 0 0 0 . 
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Foreign Oi l  & Gas Avai labi l ity) $25.00 O i l  Shale Avai labi l ity $ 8.00 
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